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by 
Walter Frarris Gives 


Tee experiments were comiucted to deterzine for the cat in an object- 
diserimination situation the effective proserties of objects differing in 
wultisie greperties. The behavior of the aniwale vas sleo ebserved in order 
te melete charactericties of diseriainateory behavior te the effective object 
properties, ari to elliew the deterwinetion of properties of the retinei image 
of the objects when = discriminatory choice was sanifested. 
| Two gets were trained te diserininate « verticalij- 


wesiephere (positive) from four horisontsliy-neving rough 
gray truncated pyramids (negative). for three additionel cats the pyramid was 


pes negotive. Teste were ran to deteruine vhich of 


dimensional shape--nlene or in cowbination, provided the becis for diserimina- 
tion. Test objects, differing fron the negative chjects in ome, two, or tires 
of the four sroverties were presented along «ith the four unchanged negative 
training objects (necstive-unchanged context). “hen thee tested, no eat chase 
the tert object on the basis of movement direstion alone. ach pyranid- 
positive cst would choose the test object on the basis of at least two of the 


three resaining single properties. One hemisphere est chose only on the besis 
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of outline singly, znd the other chogs only on the basis of the texture- 
outiine<-tt 


mensional shape combination. The position of choice was 
related to the affective property, in thet texture choices were mede near ibe 
objects, whiie wrtline and three<dicensionzi shape choices were made primerily 
at a distance. 


‘xperivent Ii. Five hemicphere-positive ang five pyrenid-positive 


eats vere trained on the problem above, but with ali cbiects meving hori- 
gontally. They were tested beth in the negstive-unchanced context and in a 
_ @ontext in which the positive training chject was unchanged, and was presented 
with four identical megative schjects differing fron it in one or teo of the 
three properties: texture, cutline, ami thres<dimensionsi shape. A control 
 gitustion was introduced im vhich the brightness relationshin betesen positive 
anc negative training and test objects was reversed. 
as in Experieent 1, the pyrasid cats chose on the basis of ali three 

properties tested singly in the negative-unchanged context and the hemisphere 

eats chose only on the basis of outline singly. Single properties were inef- 
fective for the oyramid cats in the positive-unchanged context. utline was 


effective for the hewischere eats in both contexts. “n the basis of this 


| detum, the cats vere essumead to have been reacting primarily to the properties 
of the positive object, not te those of the negative object. 

By eomsidering the effective cbject. properties and the piace at which 
ehoice on the basis of each wes made, the characteristics of the retinal 
image of each training object st the time of choice were inferred. The 
enalysis, after taking into account the brichtness-contrel results, suggested 


that the border cheracteristics of the retinal imege were affective for both 


disperses and ovramid ents, wheress the internal features of the image vere 
effective only for the pyramid cats. These results were interpreted to indicate 
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a Of tectual sensory consequences of perceptual behavior woon the 


effective properties of the image sad of the object. Supporting data--both — 


from obeervation of qualitative enarecteristics of dizserisinstory banavier in 


these experiments end fro: an independent experizent--vere presented. ‘The 


bearing of this interpretation upon the comparative study of visual perceptual 
sses and the vieual fumetion of thelamocortical sensory systems was 


considered. 
| Certain of the findings were diseussed in terms of simiier findings 


t reported for the ret end the monkey by other loaveetigators. 
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in the present exper: 


Senta, the focus of interest is upon visusi object 
: Giserinination in the cat. the prisery question which these experizents are 


Gesigned to answer iss “hen a cet learns to reset differenticliy to objects 


which differ in 2 namber of properties, which of these properties are effective 
in mediating the diserimination? 4n additionai concern of these experivents is 
that of studying the discriminstery behavior of the animal, both in order to 
determine the role of discrizinatery behavier ee a factor related to the na- 
ture of the effective properties of objects, and as a device for determining 


the nature of the retinal isape of the disorisinands et the time a discriminaz- 
tory reaction is made. 


Im the follewing section the sroblems stated above will be discussed 


in relation to more general oroblexe in the areas of the comparative 
psychology ef vierwsl percepteal processes and of the role of neursi fumotioning 


in vision. Subsequent t 


¥, & revier of orevieus findings relevant to the present. 
problems will be presented. Sinslly, some genersi considerations of sethod 
&5 related to the present grebless «ill be discussed. 


General Comnsiderstione Sslevant to the Present froblen 


“ne of the present emphases is apon deterxining the effective proper+ 
ia] 
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% 
tides of objects, “objects” being cme of severul partisily independent phases 
of the visual enviroment. (Other chases, the properties of which could be 


cused upon for study are the surround woon which objects are loested, the 


energy source with which they ere illusineted, and the energy reflected fron 
shject. and surround in the direction of an eye of 2 perceiving organism. ; 


_ This emphasix reflects a general concern for determining the biological role 


that visusl perceptual processes pley in « given animsi’s adaptation to its 


environment. The study of object-properties has a bearing upon this problex, 


in thet the visually guided reactions of anireis would appear to be primarily 
in relation to objects (auch ae food, prey, 4 


meaber of the same species, etc.). 
in this regard it would be inetructive to determine “hether or not animic 
differing grosciy in biclogicaliysdetermined adaptive modes (e.g., type of 

food eaten, nocturnality ve. diurnality, ete.) tend to react to different 
properties of objects, ang, if so, whether the nature of the different proper- 
ties reacted to ic related to such adapiational differences. ‘“mviously, such 

& task could not be a 
the other band, the problem would appear to warrant investigation. ‘Conse+- 


plished in = singhe, or even a fex experiments. 


quently, the present experiments, which deal with the properties of objects 


resected to by the ast, were conducted with the aim of faciliteting the comperi- 
son of perceptual processes in cats with those in ether anisals, particularly 
wammals. 
The study of effective properties of objects alsc has 2 bearing upon 
am of the nature and function of physiclogicsl secheniems or oracerses 


that might be termed selective, modifying, or, in general, organizational. for 
ample, the electrophysiological work of Lettvin, “aturans, Pitts, and 


| BeGCulloch (e.g-, 1961) indicates that the retina of the frog performs a rela« 
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tively comles snaslysis the inforwatian contained in the retinsi image, 
abstracting, as 1% were, certain festures of this information. The nature of 
certain cisssex of information abstracted turns out to be reintable te the 
netural behavior of the frog in relation to eertein classes of stimulus objects. 
Thus, ome clase of neurons in the optic nerve of the frog seems te be aspeci~ 
sliy responsive to the presentation of a small, fly-like scot, moving in reia-«- 
tion to en articulated background. (Frogs netursliy eat flies.) Another group 
ef neurone ie especialiy responsive to 4 iarge, derx contrast border coving 
_aeress their receptive fields. (Frage naturally run away from large, coving 
objects.) While such striking psychologicai-physiolerical correlations may 
in the ease of, for exemple, the cat, 1% is sug~ 


not. be immediately LASER i ose EF 


gested here thst, at the psychological level, the investigation of selective 
mechariems would require a de 


erminetion of the effective properties of ob- 
jects. 

Sovilously, & detailed understanding of the relationships between ef- 
feetive proper” 
ferred from the results of electrophysiological experiments would, among other 
things, require one to determine the mature of the retinal image of objects 
reacted to. In this regard, the present emphasis upon effective object- 
properties may be cons 
| for a2 more detailed analysis of the selection of properties of the retinal. 
| image, the nature of which may be inferred from knowledge of the physical cone 


tes of objects amd the operation of selective sechanieme ac ine 


lered, on the one hand, ss a convenient starting place 


| ditions (i.e., the location of the animal in relation te the objects reacted to) 
| Present at the tine of reaction. 

| Tf, on the other band, as is implied above, the nervous systems of 

| Suivals are organized primarily to enable then to deal with objects, then the 

| retionale for the eaphasis upon object ; 
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5 
stronger basis than mere convenience. “ne implication of the fect that most 
objects reacted to in biclosicaily representative situations are three-dimen- 
sional is that certain “object-properties” or retinal image properties can be 
studied only with the use of three-dimensional objects. “nile the retinal 
| i by en object «my be Gupliceted, for a stetionary aniaeli and 


eye, by a photogranh of the same object, it is safe to say thal the animal and 
eye ere rarely stationsry. ‘The consequence of this is that certain dynasic 
features of the retinal image (e.g., sotion of different parts of the imsge of 
the object, both in relation to other parts of the object and to the surround) 
which are considered by Gibson (1958) to be adequate stimmli for = nusber of 
 wheuslly guided reactions in animals, can be studied oniy with the use of 
three-dimensionsi objects. 

tee aspeet of the rationale behind the second major emphasis of the 
present stady--that of dete: 


wining the role of the diserbeine tory behavior of 


the animal in object-diccrimination--is implied in the shove discussion. 
Thus, a careful study of the discriminatory behevior of the aniesl aay be exe 
pected to provide fects from which one can infer when and “here the disacrimins- 


tory reaction wes initisted (i.e., the place, in relation to the ebject, at 


hich it was “chosen"). ‘“nowledgs of the place at which choice is sade would, 
in turn, enable one to infer the characteristics of the retinal imege at the 
tine of choice. 

One kind of selective mechanism that, for quite understandable reasons 
of technical difficulty tn experizentation, has been relatively neglected in 
physiological and psychological investigations is thet related to the perceptual 
behavior of the animal. This topic is treated in a recent article by Zener and 


Saffron (1562). These authors suggest thet “perceptual behavies” is a very 
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6 
important detersinant of the nature of the perceptual processes involved in 
| | gn organise's reaction to 4 given object or situation. (The term “perceptual 
) bebevior” includes al] behavior that serves to modify the state, including 
the sctivation, of the recepter mosaic. Heed aml eye sovewents are obvious 
the nowurel states associated “ith the execution of perceptual behavior may have 


al behavior in vision.) YPurthermore, they suggest that 


profound effects upon the transmission of sensory information et ali levele of 
the system, and, consequently, upon the resulting perception. ‘The rele of 
selor processes in vision has aiso been recently stressed by Sperry and his 
coeworkere (1955, 1960). 

Cempidering these suggections in the light of the present argument, 
the etudy of perceptual benevieor wauld apsear to be particulerly relevant to 
the study of object properties. In the first place, the ebvious fact shouid 
be pointed out that the cheracteristics of chjects may be appreciated vie 
other modality systems than the vieucl eystes, and, furthermore 
teragtion of animals “with objects (e.¢., corey) necessarily involves a marber 


% that any ine 


ef wedality systeus. ron this consideration the question arises as to the 


nature ami views percestual effect of the intersetions that aust occur be= 


fy Vision, somesthesis, and the vesatibuiar sense in the ap=- 
presch of an aniaal to an object, andi in the consummation of the sninal-object 
interaction, waich might invelve the animal's killing the (orey) cbject and 
eating it. sore specifically, a probles of particuisr relevance to the study 
of abject oreperties is that of the effect of salti-nwial interaction with 
ejects upon the effective wisusi propertiss of objects. That problems such 
au these are intimately related to the problem of the role of “perceptual be- 
bovier" in object-diccrimination ts sean in the fact that the execution of per~ 
ceptual behavior suct alwaye have qultiemodsl sensory consequences. owever, 
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7 
ali behevior having wultienedal seasory consequences is nol necessarily per- 
eeptual behavior. it way be necessary, for example, to distinguish eye moveq 
ments gue “explorstory,” qua. “reflex,” and perhaps qua “orlenting* behavior. 
the points to be made here are (1) that eye movements or movement of any other 
port of the body, qua “exploratory” behavior, say reasonably be classified as 
perceptual behavior; (2) that, regardless of the particular kind of behavicr, 
@ tumber of modslity systems are involved; and (3) that the effect upon visual 
perception of such intermodal interaction is e question which has yet to be 
answered. cConsequentiy, one of the xore genersl purposes of the present ex- 
periments ts to begin to determing the nature of such effects. 


4 Review of Previous Findings 


ory distinctions. In tuis section a nucher of experiments 
having @ tearing upon the present problies will be discussed. Since one of 
the major orlewiing considerations underlyins the oresent research is the 
compericon of species vite regard to the effective propertics of chjects, the 


wi discussion “will include experiments relevant to the casparison of the 
est with one other animal. The other animal chosen is the monkey, since a 
considerably iarger watber of sbject-diserixinetion experiments has bean 
dene using monkeys as subjects, than has beer done using other anisals, for 
example, the rat. Sesults of exneri , 
be discussed after presentation of the results of the present experiment. 


wnite using other anieais as subjects will 


Hariow has suggested that a distinction be made between stinuluc- 
objects and stisulus-patterns. 
“Laorininationa whieh can be wede on the basic of the external configura. 


tion of the objects or between sone si ftaventiating characteristic of the 
totel surface (as color or rightness) are defined as atimilus-object 
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diseriminations. Fattern discriminations are here defined as dis- 
eriminations in whieh the only differentiating characteristic upon 
which the choice can be made is the difference between figures painted 
or fastened on iarger identical stimelus<objects. (19%5a, p. 213) 

This distinction is 2 useful one, from the point of view of discussing 
the kinds of diseriminarmia expioyed in experiments using the <isceonsin Senerai 
Test Apparates, snd will be maintained here. ‘However, as Harlow implies, 
“pattern” is also a property of the surface of the stimaius-object, and can 
be regarded in the seme context as outline shepe or color=-i.¢., Sil three 
are object-rroperties. The sease point can be sade in regard to patterns 
"presented upon cards, which, in turn may be presented against doors which the 
animal is trained to open, sithough exactly what conziitutes the “object” in 
such 4 gase is less easy to detercire. 

& large number of experixents has 


been performed in «hich animals were trained to discriminate three-disensional 
ebjects. Only e few of the=, however, beve been concerned with determining 
the effective properties of objects, the isrge majority of them heving been 
d with the study of the acquisition of learning sets. Those 
experiments which have = bearing upon the present study fail inte tue cate- 
gories: (1) Experiments in which the ssasure of effectiveness of a vroperty is 


the ease with which a discrimination can be formed on the basis of thet prep- 
erty, and (2) experiments in which objects differing in multiple properties are 
used, the measure of effectiveness being the scores obtained on “equivalence 
tests" (cluver, 1933). In such tests new chjects, similer to the original 
diserisinanda in some respects but different in others, are presented to the 
aniesl. A property would be terwed effective if nex objects, differing only 
an that property, were reacted to in the appropriate way. 

Two object-diecrimination experiments falling into the first category 
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3 
vers performed by Harlow (155s, i945b). In the first experiment (1945) he 
trained sonkeys to discriminate a vide variety of stereonetric and planometric 
objects, ac “ell ae patterns. The discriminanda differed in csler, form, amd 
sias. The results obtained on the object-<liscriminatio taske imileste that 
"“golor differentes, ferm differences, oar combined 
offer adequate differentia for the formation of rapid discriminations. Areal 


ecolomfars differences exch 


differences . .. and shape differences sre apperently less effective per~ 
eeptual cues."* (1945a, 9. 224) 

In the second experizent (1945b) Harlow trained monkeys to discriminate 

secbiects differing in coler only, in form only, and in beth color end 
form. Se found that the diccriminetion was learned equaliy readily when the 
Objects differed either in color alone or in esler and form, and learning on 
these bases was easier than on the basis of form alone. The resuits of theze 
dominant property for the monkey, although form is aise effective. 


st that, in the discrimination of objects, calor is a 


Ineluded in the second catagory of experiment is a study by Harlow and 
Pech (1945), part of which involved training monkeys to discriminate objects 
ng in color smi form. The subjects were then tested by introducing ob- 


jects in which coler and form vere varied in a number of ways. in interesting 
result is thet, when the color of the positive and negetive objects remained the 
tame as in the training situation, with their forms reversed (i.e., positive 
color, negative form, ve. negative color, positive form) the performance of the 
animals tended toward chance. Thus, when the animals were oresented with a 
conflict situation neither coler ner fors tended to dominate. It may be sige 


*"Shepe" differences involved, e.¢., the differences between upright and 
inverted triangles, while “form” differences involved, e.g., the difference 
between 4 eross and a square. 
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“nificant that these enimals were treined to a criterion on each of the 


ies studied, whereas the animals in the experiments sentioned previously 
were trained only twenty-five trigis on each problem. The results suggest 
that reletive ease of diserimination om the besis of s certain property dose 
eitustion. Furthessore, which property is dowinant may be partigy = fumetion 


se of thet property in e conflict 


of the stage of training of the snival. 
an experiment by Hoyd and Sarren (1957), while net primarily concerned 
with the present probles, none the less prov 
the cat om the monkey eith regard to effective object properties.* These 
authors trained cats on the oddity probles. ‘The discrisinandsa were sbjects 
‘differing in form, surface ares, thickness, and brightness. In attempting te 
axpisin fluctuationg in the animwels* performence when tested for generalization 
of the oddity principle, they observed that the cats’ performance was poorest 


ideas the only basis for comparing 


when surface area snd thickness of the objects were dissociated. Since during 
training, the thicker objects ware aise the larger in surface area, they 
reasoned that “eres and thickness cues ware associated during training, and 
disssciation prevented effective transfer, in spite of the presence of gross 


es in contour and brightmeass.* (1957, 9. 253) ‘The oresent writer 
interprets this to mean that voluxe may have been one of the sore effective che 
ject properties in this situmtion. Tf euch is the case, then this datum aug- 


ance between costs and monkeys with regard to effective properties 


“uch a comparigon, at least with regard te the color of objects, may not 
be very meaningful, sinee there is evidence (fever, “Miles, aud Uatoosh, 1954) 
thet. cats do not diseriminate on the basis of wave length of light. Hoxever, 
there is no besis for knowing whether the monkeys mentioned above were dis- 
eriminating on the basis of reflected weve Jenecth or brightness. 
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Fettera Gisorimination experiments. “xperiments using pattern 
 gtieuli may aise be cleszified according te xhether the eaghesis wae upon 
ease of iearning & diserininetion on the basis of 2 certein preperty or upon 

the resaite of equivalence tests. mong the firet class of exveriments, 


those of Herlow (13450, 1945b), sentionsd above, also involved the study of 

pattern stimuli. In the first experiment (19452) signifieant discrimination 
wag obteined on the basis of both color and form, although coler diserimina- 

tions were easier if the colored patterns were large. ‘There were no differ- 


| 
| 
| 
| 
| 


ences in ease of discrimination between iarge patterns on the bavie of calor 
end large or suall patterns on the baris of form. 

Ta the second study (1945b), pattern stimuli anslogous to the stisulus 

 ebjecta already sentioned vere employed. The resuite of training on the pete 
tern discriminations were amsiagous te those obtained using objects, in that 
diseriminetion was superior on the beris of color, end the addition of foru 
te color did not appreciably increase the ease of discrimination. 

Sasentially sisilar results sere reported for the sonkey by carren 
(19538), who used as a weasure of effectiveness the percent correct on « 
nomber of ten-trial problems. fFatterns differing in eolor, form, or size, 
aiene ang in the four possible combinetions, were employed. Oiseriminatien 
#436 again superior on the basis of colar, and the addition of form or size 
differance re 


te color did not appreciabiy increase the ease of discrimination. 
while the avaliable data suggest ithe dasinance of sclor as a property 
of objects or of patterns for the sonkey, other experiments suggest thet the 
iesation of the differentiating color om the diseriminanda is an important 
factor. S“arren (1993¢) reports data indicating that color differences vere 
wore readily disceriminable when the color was et the border of the stimaius 
ecards, suggesting that “the moakey 


rewpords more strongly to the borders than 
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te the centers of cards.” (p. 235) ‘These results were confirmed by 
“ ‘Rhopelle, Yunderlich, and Francieco (1998), who used concentric-ring pet~ 
terns, with the leeation of the differentiating color varying fros center 
to perishery of the patterns. 

There is also an indication that, when form is the only differenti- 
| ating featwre of patterns, ease of discrimination depends upon the specific 
characteristics of the forms. Thus “erren (1993b) reports that pattern dis- 

ons Bre easier for monkeys if a seonetricaiiy reguisr pattern is to 

| be discriminated fron a geucsetrically irregular pattern, then if tive regular, 
i or tye irregular patterns are to be discriminated 
With regard to the ease of discrimination on the basis of various prop 


erties of patterns by cats, Seith (1951) has compiled data indicating that 


winations re more easily learned than fore discriminations. 
within the secoml category of experiments dealing «ith effective 
“properties of pattern stimuli--those in vhich equivalence tests are run fol- 
- Lowing training on patterns differing in multiple properties--the writer is 
avare of only one experiment relevant to the present orsbles. Hara snd verren 
(1961) treined darkeadapted cats in a twaechoice discrimination box to dis- 
_ eriminate luminous patterns differing in brightmess, eres, ani “fora” (rstioc 
| af herizontsl to vertical dimensions of rectangles). The authors had orevie 
“gasly extablished psychophysical fimctions for discrisinstion on the basis of 

each of the oroperties separately, and the patierna used in the combined- 

| property training situation differed an equai nurber of j.n.d."s in esch of 
"the three dimensions. After learning the problem the animals were tested in 
& conflict aituation in which one positive property (e.g., brightness) was 
opposed to ancther positive property (@.¢., area}. The results “revealed that 
tp. 98) 


pari to brightness more often then to size or form.” 
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ont can be muede on the beeis of the liternture 


shjects or patteras. However, certain tentative statewenta my be made: 
“thie color is certainly 2 dominant feature of objects or patterns for the 
monkey, fore and size are also effective, and the location of the differenti- 
ating colar on the object or pattern is eritical. Purthersore, differences 


between forrs are sore effective if one of the forms is ceometricalliy regular 


amd the other ome ieregelor. for the ent, on the other hand, the situation 
 +with regerd to effective oroperties of ebjects is not very well known, al- 


tg ggestion that volume is a critical factor. Yor petterns, 
Son, ts other hand, 2]] available data indicate thst brightness is e daninant. 

feature. towever, the situations in which pebtern vielon has been studied in 
the cat are act directly compareble 


to those emmloyed with the monkey, since 

| the patterns used have frequently been lucinous, and the animela partly dark- 
| adapted. 

| The relative lack of mowledge about effective properties of objects 

| for animale ta still reflected in a statexent by Harlow; “Althowsh ous enovi- 


| edge of the exact role of the perceptual variables influencing learning in 


mber of studies that have been done in this ares, but alse te the linited 

: masher of properties of objects that have been viadied. 

) vier in discrimination. while many authors 
4 the occurrence of perceptual behavior, such as head and eye “ove= 
Mente, or “comparison reactions” iu animsl subjects in discrimination experi~- 
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1s 
ments, there have been few systematic attempts to deal with the roie of motor 
; processes in perceptusily guided behavier. iesen amd Asrons (1959), in study-} 
ing the effects of visual derrivetion om movement diserisination in kittens, 
found that exposure to patterned light wes not sufficient to enable the ani- 
@als to Gevelop perceptualiy. Only those anmizais that were ailoued to behave 
actively in reletion to the vigual environnent were able to perfers norealiy. 
Bisewhere Niesen (1958, 1961) has deseribed in soos detail the abnormalities 


im eye movements occurring in the chimpanzee 


aed monkey after visual depriva- 
tion. It sey be significant in this regard thet he and Aarons (1959) do not 


report uerked eye-movement defects, such as persistent aystagems, in the Kit- 
tens subjected to petterned licht deprivation. ‘The role of motor processes in 
wisual diserisinetion obviously restires further study. 


A Generel consideration ef Method 


The scope end aims of the present experiments are considerably iess 
broad thsn is implied in the oreceding sections. These excerisents constitute 
an attempt to determing for the cat in sne object-discrimination situstion 
the effectiveness of oaly 2 few properties of objects (four in fxperiment I 

| @né three of the same four in “xperiment IT). An additions! concern is the 
role of the anizal’s perceplusl behavior in discrizination, purticularly as 
& factor related to the selectica of effective shject prorerties. 

if the results of such experisents are to be applicable to the inter- 
pretation of behavior in biclogically representstive situations, it would be 
desirable for the properties studied to be representative of properties of ob- 
jects that the cat would be expected to encounter in its interaction with the 
environment. Surthernore, the ebjects used as discriminenda should differ in 
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enough properties to allow selective processes « chance t= operate. 
fn additional requirement is thet the experimental situation elle 
for the possibility of vericer kinds of discriminatery behavior to be sani- 
fest, since the Likelihosd of determining any relationship between effective 
object~properties and nerceptual behevier would require thet the cat not be 
forsed by the siivation lmte any one pattern of behavior. 
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the effectiveness for the cat of several stisulug object properties, acting 
_ separately and in coxtination. Direction of sovesent, texture, and shape vere 
Gireetion of sovement was chosen because af casusi observations, wita 
which most people would agree, that cats appear te be interested in seving ob- 
gects. “hile sovement diserisination in the cat has received som attention in 
the literature (femedy and Smith, 19253; Meanedy, 1739; Eileen and éarcas, 
«'3959), these studies employed rotating crosses 
from stationary crosses. Im the present stwig direction of movement (i.e., 


a& stimuli to be discriminsted 


borigontal ve. vertical) wes employed, since direction «ould appear to be 8 more 
pstaral charsecterict 2 af eee 
movement wae alge influenced by a recent study by Mubel and “iesel (1962), who 


oat. for the cat. The choice of direction of 


Pept oslis in the est‘s viewal cortex to be selectively sensitive te contrast 
herders moving in e particular direction in their receptive fields. 

Toxture wes chosen since it ie undou! 
objects that. the cst might react to, although it is 2 property which, to the 


¥ & prominent festure of marsy 


writer's knowledge, bas not heen studied in the cat as @ visuel object oroperty 
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Shape was chosen sints it alse is a prominent feature of objects to 
which the cat sight react. The further breakdown of shape into outline shape 
ami three-dimensionsl shape is perheos somewhet artificial. Soawever, the 
breakdown was made, primarily in order to distinguish between croperties, such 
as cutline, which say be considered as conceptually angiogous to one property 
of teo-dimensional stisuii--siepie geometrical pattern--that has been studied 
& Erest deai in cats and other animals, and shape proverties other than out- 
ling, which heave received little or no attention in the literature. 

The method of test. The method emnloyed in the present study for de- 
tersining the effectiveness of the qualities above is 2 modification of the 
“sethed of equivalent and non-equivalent stimili* (Sluver, 1933). ‘The first 
step was to train aniseic te diserininate stimuius objects differing im ail 
four of the properties above. hen a perfect, or neareperfect, level of per= 
& series of “critical trisis” was introduced, in which 


eo 8 te differ from the identical negative 
@jects (four negative objects ware employed in the present experisent) in one, 
two, or thres of the four properties: moverent, texture, scutiine, and three- 
dimensional shape. The rationale for detersining effective properties is as 
follows: A property is considered te be effective if the animel consistently 
chooses 2 test object differing from the nezative objects only in that property. 


The failure of the aniwei to de this leads to the conelasion that that property 
is ineffective. In the present experiments a property wae considered to be 
effective if it elicited differential (correct) choice behavior three or more 
times out of a total possible of five (p = .059) or six or more tines out of 
& total possible of ten (p = .006). 

Soservation of discriminatory behavior. 5 secomi major emphasis in 
this experizent is upon the sbservation of the discriminatory behavior of the 
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16 
cat, in order to attexpt to relate characteristics of discriminatory behavier 
to the results obtained on the critical trisis. Since there is no = priori 
reason to exclude any form of diseriminetery behavior as potentially relevant, 
an ettespt was made te record as aceurstely and as completely so porsible ali 
aspects of the cats' behavior. “uch observation later proved to be emmniy 
impossible for om experimenter, and, conser 

roach of the enimal to the discriminends. 
ihe development ef a suitable ireiniae and testing method. A third 
(and logically prior) aspect of the present experiment involved the necessity 
for developing a worksbis training ami testing orecedure. Certain ef the 


gently, particular emphasis was 


 desidereta reiated to method have already been mentioned+-i.e., having objects 


. differing in encugh 


entative propertics to aliow selective vrocesess 
@ chance te aperate, and exploying an experimental situation in whieh the cat 
is relatively free to behave natureliy. 4n additional desirable feature of 


| the experimented situation involves the rapid achievement by the eat of a high 


aevel of discrisimation performance on the basic discrimination, relatively 


ve (from the experimenter"’s point of view) forus 
of behavior a5 the position habit. Furtherwore, the situation should bs such 
thet statistically reliable inforestion as to the effectiveness of the proper- 
ties tested can be obteined in e minimus mae 


ar of trinzis, since the study of 


| ‘the animal over a long time span would possibiy complicate the findings. 


Sinee the means vhereby these desirable features of the experimental situation 
and the training precedyre could be achieved vers relatively unimow: at the 


| initiation of the experiment, each cat in this experinent was treated slishtly 
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Subjects were five house 


ceise-four females and one male. They vere 
selected from a pool of cate maimiained by Suke Usiversity. ‘Selection was sade 
on the besis of disposition and apparent health. They vere housed in gsivan- 
ized cages in a colony room, cleaned datiy, end fed « stendsrd comercial cat 
food except when they were being rua in the experinent. They appeared to be 
in excellent health throughout the experiment. Three of the exts, Mi, H7, 

and P12, were experimentaliy naive. Cate 33 emi Po had been run briefly in 

a@ Visual discrimination experiment in a two-choice discrimination box, in 


‘Which the task uss a diserisination between horizontsl snd vertical stripes. 


PG bad been rejected from this exceriment because of a persistent porcition 


habit. #83 and 37 were trained to choose the emooth hemisphere, end Mi, FS, 


and rl2 were trained to choose the rough pyrasid. (°H" end “FP in front of 
the identification susbers refer to hemisphere and pyranid, respectively. ) 


The Experizenatal “ituntion 


The essential features of the apparstus* used are: (1) 4 
platform to accommodate the cat's hose cage, which was used as the starting 

beng (2) a detention box, sepersting the starting bex from (3) a trapezoidal 
choise box; (5) @ panel containing five doors in a row, which led to (5) five 


goal boxes. ‘An outline drawing of the apparatus is presented in Figme i. The 
inside of the apparatus was painted flat black. ‘Stieulus objects were attached 
to 3/16 inch slumimu rods, vhich, in turn, were attached to one of two bers 


*this er WAS pasecigalondnes ¥ “essrs. Janes yer ard ee verdad. It 


- 
_ : ; 
_ . 
- ce Pe a 
Ca CA ae @e gp tele neta) Ser Bete we 


2 mH ee eae ght pi neatebeine wtag Se esta & see : 
BIS it pa eee | tle So cgesiaagegs eget matt deo a ty as , s tie & 
(o Labecerey Hramaade 6 ih how. gghns Resale, gaan wan ten aig sae | 

<1 mae Gia aN aot a3 aie Bete a ‘ 
72.8 ste att & ooul? +toadceran ede Rontgeegely aaies 
4 oer on deel La 7) et SS OO inane, 
32 ee tiEvierel® omteeoes @ of Remmelnagan mngdect elaee Kevnbor 
Ute onthe coy Lenerbee geactat aniteninioet’ a est Mendham dl 
- Pefsoy tretnieve: 2 Te apeege fee Peep abet melt § a teal Be 
i 2 uss aitiginie trim sie mesic neem “y 
% Geni at “* bare") ~ siege dian ed weneorbe ‘it KL OTS 
(.plen tomageent obitroryer Aue omeakaeonal oe ailtane semontinuene sou 


~ _ 


me tioae! Lacan gat? 
» it) Co . apr Snasyistas age hyn fey A baits eat . cas - 


res hs en re me 
cmteaes! Lone od gabe weld guitars erm am kadelh 
~ st a? be Get oe 2 Ab eye wets getter Patuen Jeeps 2 18; ee 
xl, 1 OP i Nanioonanes 62 NOR OR Tw abu sb ti 
imaelt® amet Poatay miners’? hens daly Sesedeg maw 
Tm wut 1 the ot Daten dew yer? md tok aio 


< <a @hakddi Ger vee” eal ope? 33 hat 
at ea aes “Sees wanda 6 a 


Legend: O.D. = opaque door; P.D. = plexiglass door; L.B. = light bar 
containing five seven-watt bulbs; S = shield and reflector for light bar 
G.D. = door to goal box (five in all)$; trough contains shade and (Experi 
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Figure 1. Diagram of Apparatus Used in Experiments I and Il. 
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Wore correct choices in e row is .008, ard thet of three or sore correc 
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spamming the choise bor apprexisetely one inch in front of the doors. The 


leestion of theese bars relative to the rest of the epperatus is imlicsated in 


are 2. Ue of the bars moved horicontally, the ether soved vertically. 
Sach bar was driven by = continuously-veriable syeed moter. ‘The esrlitade of 
sqvement was 1-7/£ inches. The duration of the 


& forty-watt imeeniescent 
tulb in a gooseneck lass was pleced above an? in front of the howe cace«starting 
boxe The detentien box was illuminsted by a seven-watt belb. and the stimalas 
objects by a row of five seven<wett bulbs situated xbove and approxiesately 
eight inches in front. of the row of doors. The light from these bulbs was 
Giffused through a ground 


plexiglass panei. The choice bax “as covered on 


the top by a gray plastic wirgiew sermen. A trough, eight inches wide and seven 


nches deep separated the floor of the eholee box fron the panel of geai box 
the doors. “ithin the trough wes « black window shade, which could be reised 
sholee. 


S wide covered the trough on the side of the choice 
the floor of the choice box two inches in the direction of 


er, in order to prevent the cat from correcting an incorrect 
Thies apparatus appears to seet certain of the requirements mentioned 
above, in that (1) the choice box is sufficiently large to allow the cat te be- 
héve in a relatively astural sanner; (2) a number of properties of three- 

21 objects can be studied, including object movement; (3) the dis- 
erininatory behavior of the ext can be readily observed; (4) the probsbility 
of = correct choice by chance 


is 0.2, cour 


ied with &.5 in the standsra tyce 


choice box. This seans that the chance probability of occurrence of three or 


out of 


five trisis is .059. Thus, reliable performance can be demonstrated in = rela~ 
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Figure 2. Photograph of Bars Used to Move Objects 
in Experiments I and If 


Upper bar moves horizontally, lower bar moves vertically. Stimu- 
lus objects attached to 3/16 inch diameter aluminum rods, which, in turn, 
are attached to 5/16 inch diameter vertical rods indicated in the photo- 
graph. Eaeh bar contains 5 vertical rods. Rods attached to vertically 
moving bar not visible in photograph. 
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ah 
tively few trials. ‘“oreover, Meids (1955, 1953) suggests that the efficiency 
of learning of vieusl discriminetions by rate is much greater in «4 five-choice, 
se contrasted with a two-choice, apparatus. 
ihe stimuius objects. The objects useti im training sud testing are 

indicated in Table i: photographs of similiar chjects appear in Figure 3. 
Trainirg: objects consisted of four smccth hemissheres (A} and four rough 

sted pyramids (B}. The heeisrcteres, threa inches in diaweter, were msde 
from beise woul, seaied sith a wood filier, and sarded smosth. The pyramids 
were fashioned from an expanded polystyrens insulating material (iermelite, by 
Apustrong/. After the pyramids were out fron the raw material, they were 
Lightly spreyed with Srylon clear plastic spray, which oartially disselved the 
surface, thereby producing a reasengbiy hard, rough surface. (ihe meximum in- 
| dentation of texture units was approximately 1/2 inch; minimum indentation was 
spproximately 1/32 inch; average wae approximately 1/16 inch.) Hoth sets of 
ebjects, as well as all test objects, were painted with a medium gray tenpere. 


 &l chjects were opinted at the same tims, and with peint from tie sams jur. 
‘They received several coats at first, and were repainted periodically. 
styrofoam, as indicated above, depending upon the requirements for texture. 
These objects vers designed sa ac to differ fron the negative training objects 
in one or two of the three object proserties texture, sutline, and three- 
Gimensional zhepe. They included: a smooth pyramid ([) of approximately the 
mensions ag the rough ones; a rough hemisphere (2)3 one smooth (4) 
and one rough (F) “pyramid,” each with a circular base; one smooth (4) and 
gone rough (9) “hes 
rection of movemer 


here,” each with a square base. VYanipuletion eof the di- 
of the objects ens affected by attaching the appropriate 
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$ Rough truneated pyramid. Ease = 2-1/4 in. 
square; — = 2 ing front surfece peraliel 
to base = 7/5 in. square. 

¢ Saeoth pyramkd, same dimensions: as “bject 6. 

3) bere, sem dimensions es “oject 4. 

% Seooth opranid, with 2-5/8 in. disseter circu~ 
iar bese. “sight = 2 in.; front surface peral- 
lel te base = 7/8 in. square. 

¥ is@ sane ag “sjeect ©. 


% Smooth hewlephore, with 2-1/8 in. square base. 
‘eight = 1-$/8 in.; original besisphere, from 
whieh square bese was cut, was 3-1/4 in. 
diaseter. 


a Reagh heniephere with squere bese. “ane dinen- 
sios as Object o. 


&. See ales Pigure 3, Pe 27. 
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Figeare 3. Photogragh of Sbjects Similer to These Used in 
Experiment IT. 


The objects depicted are the ones used in Experiment TT, but, ox- 
cept for projected outline size, do not differ appreciably from those 
used in Experiment I. 


(pper Ligure: Oojects {left te right) Be Bs Ge Ds, ared Rie Objeot 
’ appears darker in photograph than was actually joni ease. “Ghject = 
turned slightly outward to indicate three-dimensional shape. 


Lower figure: Objects (left to right) F, H, dy IT, and G. Object 
F turned slightly outward, ard appears darker than was actumlly the 
case. Objects J and I presented in center position to indicate bright- 
ness differences. Ghjects J ami ] were weed only ia Experiment IT, 
in the brightness-contrel. tests. (See text, p. 51) 
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2& 
training ar test object to the sopropriate red. Thus, during training the 
tieched to the verticalig moving rod. and the syremide vere 


attached to the herigontally seving red. Guring testing, if movement «as te 


tliate test scbject wie attached to 
the rod mering in the direction oppecite to thet of the nesative cbjects. 
22 newesent uss cot one of the properties to be tested, the test object wos 


gohed to the suse rod es the negative chjects. In elther case, the nage~ 
tive objeeie always moved in the Gireetion in “hich they moved daring treining. 
the quevtion of relative sises of the objects wae very diffieutt ta 
ai. with, particularly simee they are relatively ceupiex in shape. Tt ia im 
possible, considering the present. state of enoviedge, to <pseify the shysicsi 
dimwions related to “siee” for the cst. Thus, there is no indication as to 
ected area, and volume should be difterenti- 
? weighted in specifying the phenosens 
ntiy, what wes done wis to attempt approwieately to equate the objects 


i Sige of the objects for the est. 


sa size for two human chservers (6.0. and §.G.). After a first 


sphere” was “wade a lithie larger,” or “s small 


sdeqeacies of this methad are sp- 


eae, with the cat in it. was taken from the colony roma and placed on the 
platform of the apperetus, and the cage deer cpened 
following Megs Sere ee oy 


 Wwertleally moving rods were turned on, and the light above the animal's cage 


On each tril the 


was followed: The moters driving the horisontaliy and 


turned off. The door te the detention box was dremed, releasing the minal 
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2? 
feom ite cmge. Thrwe to five seconds efter the aniomi entered the detention 
box the door to the choles box was raised, thus allowing the animal te enter 
the choice box and make a cheice. A correct choice, hovever. it was defined 
(see below), resulted in the cat's obtaining a morsel of ground horse seat 
(1/40 of the daily ration}. Incorrect choices «ere treated differently, 

siding upon the stage of development ef the sethod the stage of train- 


ing of the cat. Im ali cases in whieh the cat was to be kept fron making 
further chcdnes, however, the shade in the trough was raised to separate the 
eat from the stimaus objects, and the cat removed from the choice bax. 

Ome training session ususliy consisted of twenty trisis, and one or 
two sessions were ron per day. ‘hen two sessions “ere run ine day, they vere 
epaced et no less then eight-hour intervals. The criterion for cessstion of 
training and initiation of testing was approximately 96 percent correct for 
two or more sessions, althoush this varied semmunat fron ant to cat. 

‘The eate® feeding atbadcle wen arranged oo that. they coult obtain 
their complete ration of horse meat in the training or testing situation. Thus, 
esch eat's dsily ration was divided inte forty semil pleces of meat, which it 


gould cbtein in the forty trials usualiy run per day. if the cat falied to 
obtain pert of its ration during a session, it was fed the reminder soon af- 
ter termination of the session. oy deys in which only one session was rum, the 
eats were fed the asount they would have received during the omitted session, 
| &t Spproxivately the time the session would have been run. 

in the early stages of training of cst= % and H7?, an attempt vas 
made to train the animals to open the door behind the correct object. This 
method proved unsuccessful, im that reliable discriminetion performance vas 
never achieved. They appeared to focus their attention uoon the doors, saying 
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30 
little attention to the objects. A retraining period, im which they were al- 
lowed te enter the goal box only after contacting the dbject chosen, seemed 
to remedy the situation. Cats 23, P8, and P12 were trained to contact the 
correct object fron the begianine. 

The generel training regimen involved = series of preliminary trials 
in which the positive stimlus-cbject was presented alone, and the ost trained 
to respond to it (1.e., either open the door behind it, or contact it, depend- 
object vas varied unsystematicaliy from trial to trial, in thie phace and in 


of the sethed). The position of the correct 


| @li. later phases of training. <hen the cet learned to do this, the four asga- 


tive objects “ere int end discrimination training begun. The shade 


was ueed to prevent the cat fron making further choices an a given trial, al~ 


though the exact meee dictetine ite use varied from cet to cat. All 
eats except Fiz were allowed, om a given trial, te continue to make incorrect 
attempts (i.e., to contact negative objects ar to attempt to open negative 
doers) as long se they appeared tc the experimenter ta be “cbject-oriented.” 
Necourse te the shade «es ssde when « eat appeared to be resporndine sechenic~ 
aily to every object it encountered, or when it shoved signs of developing s 
position hebit. for Pl2, ten “free” trials on the discrimination problex 
were silowed, im which the shade wes not used. After thet, the shade was 


pulied up on any trial in which twe incerrect choices were made. 
shenaver the diseriminstion behevior shosed signs of breaking down, 
a few (as few as one) trials in which the positive object was cresented 
alone, were run. A “breskdoun” wes variously defined, bat ususily invelved 
_‘twe consecutive trials in which the shade had to be pulied. 
Zest procedur 
aly 90 percent correct perforwance for two sessions on ths dis- 


s- The test phase vas begun after the establishvent of 
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i. orimination problem. “our o five test triels were mm per session, each 


me three or four treining trials. “mn a test triai om of 
the test ebjecta (Ubjeate C-ly Table 1, p. 25, end Migure 3, p. 27) was 
substituted for the positive stimulus object, thus reducing differenems be~ 
posliive and negative objects to zero bith respect to one, tus, or three 
of the fom properties present on the training trials. Im Teble 2 are indi- 
eated the objects used and the direction in which they moved far each test 

nere~positive and oyramid-posiliive eats. The maning 
perty tested” is that the test object differed from the negative 

training objevie, which vere slaays present during test trisiz, mig in the 

Lies indicated in the left-hand colum of Table 2. 
ander of testing wae as follows: 


i. Tem trials on each of the test objects that differed fra the 
negative object. in only om property. Each object wee presented on each door 
twice. 

2- Five to ten trisis cor test object in which each of the properties 
tested in (1) abowe thet felled to elicit five or more cheice reactions 
(p = .032) were casbined supe of tua. For example, if soverent end tex- 

ture differences both falled to elicit five or more correct choices when 
tested singly, they were conbined in the second series of tests. 

3. iMve tefals, in which all previously meative properties were 
owlbined by threes. For example, if sovement, texture, and cutiine sll failed 
te elicit five or more correct choices, elther singly or in the three possibic 

 gonbinations by twos, these properties were combined in 2 single test object. 

Pilg wae tested differentiy, in that she received five trials each, 
in vardom order, on all possible tests included in (1) and (2) above. In other 
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Test. Objects Used and Their Uirection of “ovement for cach 
Test comiition for wach Training Group in oxperiment I 
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@ Abbrevistions in Property Tested column: * = movement; T = texture; 
o * ogtliney 3-5 > three-dimensionel shape; ©T = ovement pilus texture, etc. 


b- The capital letters "A" through "S" refer to the objects deseribed in 
Table i. The subseripts “vy” and “h* refer, respectively, to vertical end bhori- 
gomtal smoavesent. 
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33 
Serds, conbinations by twos ware tested tegardiess ef the effectiveness of 
the seuber oroperties “hea tested singly. Testing of 7S sas discontinued after 
Phase 1, sinee it became inereasingiy difficult to get her to run. 

On the test trisis the animsi was allowed te enter the goal box behind 
whatever object it chose (i.e., contacted) on that trisl. ‘n the interspersed 
training triais, however, it was rewarded oniy ehen it choses the correct object 
on the first attespt. “rrors on these triais were treated just as they »ere 
during traininge-i.e., the shade was used. 

Bahavioral data. ‘nm each training and each test trial the approach end 
ehoiee behavior of the snimel was observed and recorded. “tandard data sheets 
were used, which rrovided, for each trial, a place to meke 4 line drawing indi- 
eating the eat's path te the eoni. Sshevior directed te eny objects, such as 
looking, owing, or nosing, wes recomied. Any other items of possible intereet, 
such as exploration of the choice box, cisyfulmess, distraction by anythine 
@ther than the objects, were noted. 

Approaches were scored as correct or incorrect, according to vhether 
the eat first approtehed a positive or a negative object. (om the test triais, 


ed to be the "positive object). A choice was de- 
fined as eontacting the object, either with paw, nose, or vibrissee. Choices 
were scored as correct or incorrect according to whether the cat first con 
tacted a positive or a negative object. in cases in “hich the eat contacted 
an object, and then moved on te another object, the object first contacted uas 
considered te be its choice on that trial, elthouch it was admitted to the coal 
box behind the lest object chosen. ‘Such trials were not very frequent. Same 
cats came to prefer to stand in front of the cbjects rather than contact them. 
Whenever this occurred, they were required to wait for ome or two seconds be~ 
fore the experimenter would open the door. 
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After the completion of oxperiment I1, the individual orotoceals of 
axperinent I were re-scored, and the choices citegerized as to ehether they 


were sanifest at a distance from the object panel or in its vicinity. The 


_ @riteria for scoring were 2s folices: 


ae 


Ze 


3e 


Uholee made at = distance (7). 
& ‘TArect pethuay from detention box to object chosen. 


be. Smocth, curved pathwey fron detention bax to ebject 
ehesen; paint at which direction of sovesent chances 
mast be clearly bebind a line 18 inches free the 
goad box doors. 


in either (a) or (b) above, the cat sey losk at only 
the object chosen and the cbjectia} immediately ad- 
jacent to the object chosen, end then wily once at each 
object. The ebject in front of which the sat stops 
meek i 5X eaten he cine seveatandsy eteacen Coens 
tanted). 


Choice made st an intersedinte distance (2). 


Be ee ee émimel stops in one or more 
pa poprenching an object. The point at 
‘adie 1% stags mast be behind the 1é tach line. 


be Smooth pathway from detention bex to goal, in which 
the est is observed te survey the objects ehile moving: 
towards thes. (i.e., ost mekes head movements beck 
and forth vhile scoring.) 


in either case, the cat*s behevior, once it crosses the 
38 ineh Line, aust conform to that specified ahove for 
& score of Ff. 


Ghelce made near ihe objects (i). 


ineluded in this category is any behsvior invoiving & 
choice that dees not conform toe thet specified far a 
Thus, the ech may soproach one object, 


; chosen, tat, hefors choosing it, look 
pir "deiacka wah atnaadh 4s the stoet chosen, 
or it mey lovk at edincent objects sora then once each 
Chelces are siso scored © when a smooth, curved pathway 
is muds, the turning point of which oceurs beyond the 

i& inch line. 


Soe examples of choices scored ¥, %, and 3 are provided in Figure 4. 


Magrame ilinsieating scoring eyetem used in 
nciinanse & ona Th. Sach ben (a ~ h) te seale dresing of 
floor plan of choles box. Saghed limes indicate position of 
ding 1c ipches in frent of geai bos dosrs. Sumsers in upper 
part of busew indicate pocltions of objects. 


Jie. s peth of appresch to cbjects indicated by arrowas 
Pehavier in mistion to objects indicated where it scecurred. 
dihewri stant 5 * anbwel moves head beck and forth (earvey 
objects); | = andenl stops in front of object (locks xt it) 5 
i= amiwal contacts object (with nosey paw, on vhorkeras). 


Seores are imliceted in bold face above munhers. 
ample is for cholee of object in Position Be Boxes Bs * et 
ehelees — Fy boxes dy @: choless scored “g boxes fy g, bs 
— scored 3. (See text for elaboration af scoring orle 
tie 
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ai traioing. Since the enimsls were treated differently during 
training, such measures as number of trials to criterion would not be very 
maningful. Eovever, ouch measures are, perhops, groseiy indicative of the 
usefulness of the various methods used. ©), ome of the cats originsliy trained 
| te open the door behind the positive object, felled te achieve a high and 
stable level sf performance after 270 trisis, sporuxisately 135 of which were 
om the dis 


riminetion problea. The renal 


moder of the triais vere run with the 
| pesitdve stimulus alone. following this phase, 25 trials were run in vhich it 
was retrained to contact. the positive object alone. After 52 more triais on 


H7, whose initial training was similar io that of Pi, was run for 190 trials, 
only 28 of which were on the discrimination problem. The rest were on the 
positive object alone probles. ‘erfarvat 
what, even on the single object problem. It was retrained to coniact the single 
@bject for 52 trials, and, after 62 additionsl trials, its verformance vas onf- 
ficiently high to begin testing. 3 end P& were trained to contact the object 

_ from the beginning. H3 reached eriterion after 154 trials, 69 of which vere on 
the diserimination problem. 6 achieved eriiterion after 121 trials, 75 of 


oe appeared Lo be deteriorating sone- 


which were on the diseriminstion orotlen. 

Si) of the above animale received two or three days' prior sdaptation 
to the apparatus. They vere fed in it, and slicwed to explore it. “n the 
other hand, Fie began training on the five day 1% wen introduend to the ap 
peratus. This est reached criterion in 120 trials, 95 of which were on the 
@izerisination problem. 


it is interesting thet the oats trained to contact the object from the 
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36 
bagimming learned quite rapidly to go to the positive object when it was pre- 
sented aions. In no cat were more then 12 trisis required. “n the other hand, 
the eats originaliy trained to open the doors learned quite rapidly to approach 
* door that wae opened approximately fifteen degrees inward (i.e.,; with the food 
not visible). They performed less well when the door sas completely closed, 
however, end showed more breskdowis in perfermance, even on the problems in 
which the single object was presen 


wed alone. it would appeer that the behavior 
of the eniral imvedieteiy preceding reinforcement shawid, if a high level of 
performances is to be achieved repidiy, be directed toward whatever the exnperi- 
menter vould like the discriminands to be. 

g trisis run on test days. ‘The choice (contact) performance of 
ail cats except FS sas maintained at a hich level of secauracy on the training 


trigls run on the test deys. ‘sith the ane exception, choice performance vas 
frequently 100 newrent correct, and never belo 90 percent correci. The ver- 
ones of P& was wore variable, ranging from 67 to 100 percent correct, with 


@ wean level of 86 percent correct. The percentase of correct approzches «as 
«generally lower than the percentage of correct cholees, and there were sore 

| imiividuel differences in approach behavior. The avernce percentages ranged 
from 55 percent for PG, to 95 percent for M+ and 87. #3 end Fle both ap- 


proached the correct object €5 percent of the time. 


fest triais: general. ‘The results of the test trials are presented in 
Tables 3 and 4 In Table 3 are indicated, for each property tested for each 
eat, (1) the number of times that it directly approached the test object, re- 
gardiess of whether it chose (contacted) that object (A+), and (2) the total 
musber of correct choices, regardless of made of approach (c+). For the ap- 
proseh and choice scores the esteriak indicates that that many correct approaches 


7 
- 
_ 
os > @€& i? ieee at Et aFe te Sic 
al eot® .«@ Wee Fee Pet &) 
= Re &¢ Ait? ay? “ates VAG: 


we the acti C6 cap. aahagemts trie Ciel aeeemiayey iain 


mT ARARG OS ae: ate ane Ee aes Soaweste eats aii” 
#) wees a j, oD aarrente Ties aiken sities Fey 
fomiet o@) OF veep Shes coke Gites wee sei 
im QWel 414 @ WU ,teok Recount id 3 Reha xiroseheoal 


Demme Qed Getendtigs Frm Lai iiiadad wit seetubindss based sit at 


ew ame aren’) ote shee «ag OE ae ei SS ale 
pimias a0 Be (oP 8h lgeet ate & “ies, Ried seaport ine Sai 


i= wanteor tee gual rnd Seuss mies ade al gh oD ines ase 
—pe «fi - weramy 22 whided sei safe bomeense Reena 
a Reprinaigs -aateorte = a NO ee gad gahiy eC “wT mA 
ee perae ta aes sas Sesotes toon 264 
AD me! ai Jo stininds Fiano Se sgeimomeie aah ie meh 3 
Toni oy keene Syrdevs ag? .qubredet cperwgge ahs 
ead hel dos TD ay ae gt coy Or oe ee 

amie Bes Te aecesaly 2D } Bemba soo a 

carey) pat clebay tise eat Do atinewd all +R & 
ie oe - “3 aac ween xT lade te g # op w 
=i yiiege Sony ny Diptlewesge Yodee ett fst? take 


bard COP (ei tote heal Rida feat vatagceney casita 
A) oo me 6 lb) stemerpepe Ge ‘ae ater (Sntdagare 406 


*(RXG) GOST} UOTSe Peo spesoKe do Souoval seojpoyo Jo seuoRoddds Jo tequri. 


"ze «a 
*Z STQS], UL PasN Deeg, ee GUVs oy Gre wenTOS peyser Aqdedoay 901 By SUOToBtABaqae egy, «a 


wy att § Q-COL 
0 t & g ai S80 
o 6 6% S as Ae 
3 t § % OL 
wy oa g t ew oT 2 «a § £5 
oS «ty = G t e & T «ff 6 & d-€L 
aS why 5 y 2 @ G ef §& Cg, : 
oS wi = § 2 t & t wy = & cote as 
a. tT Ft & S$ «f § ca Rl 
ae af S t t § & 2 ¢& Is 
a «eG = 8=6§ € € of t i, 
a) a t % §60T «9 t 
«S ak 4 € < Of ds 
e ¢ of € * «6 OT 2 ig 
Bie 
- seq 4eD 


Tieiey Ut eyes; 
wopTpHUTQuoj=<pledety 20 £4 4 YOY FOZ BO yOeT soz ywoLgn ywey, eyy Jo 
feo) RBITOUD Brew Fo faQsng pur &¢ (4%) seuoveaddy wWeiics fo Jeqany *(E) STeTsy, JO Jagan, 


€ srasy, 


a OE) ee ae 


«© pet ar oan 
v Meets Pie A Pee eh 

be, ree ; 

_ eee erie ee ae Tea ON SOREN a SONNETS CRE 


awe MU €: 


re 


veer he 


ee 9 Gee ee Pe ee 


Gees Toe or a ee 


a 


h@ Gat 


SLB Yo ose Se ae a ee a 
PEED «Se ee Pea PBS Ee Cre ae 


9 wen abeaneaente AAAS HALEN BIRT AAA SERS Abie Rate Sel end pone neaonesbupsmce nel iw E CAR Ve? ecm RanAW Ly 


ie. wy ie es bee ti a Gow q 


oe thoices could occur by chance a maximum of approximately cix times in 
one hundred. 

Om the besie of the data presented in Table 3, it can be seen that, 
taking either approach or choice scores as indices of differential behavior 
in relation to the test object, four cut of the Mve cate would react to 2 
teet object when it differed from the negative objects in oily one property. 
Sli five este would react differentially toward the test. abject when it dif- 
fered from the nagative objects in tevo proserties. The remults obteined on 
nt. Inspection of fable 3 revesls that, regardless of the index 


g-cosbination tests are indicated below. 


of effectiveness (1.¢., approach or choice), sowewent differences alone vere 


iseffective. Thus, no anisel approsched or chose the test object more often 
then would be expected by chance when 14 differed from the negative objects 
only in movement. Woreover, exeent in tvo cases (the movesent-texture cocbina- 
tion for * and the sovement-texture-tarse-disensionil shane combination for 
H3), movement differences not “help" the effectiveness of other single or 


Catling. Outline differences were effective alone for three of the 
five cats (33, Pi, and £12). It may be significant that two of these cats 
(Pf and Fi2) were trained ts choose the pyramid, and only one (83) to choose 
the hemisphere. 

ibree-dimensional shape. Thres-dimensional shape differences were 
effective for three eats (Fi, PS, and Flz). It le striking thet 411 three of 
thesa cate were trained to choose the pyramid, and that three-dimensiomsl shape 
was effective for neither of the twe hemisphere-trained cats. 

fexturge. Texture differences alone were effective for only two of the 


eats (FS and P12). Again there is a suggestion of a difference between heni- 
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41 
sphere and pyramid cats, in that these two cats were both trained to choose 
the pyranid, and neither of ths henisprere cate wouid cheese on the basis of 

roperty-combinations. ihe effectiveness of property-conbinations was 
‘studied in only four of the animals. In only threes of thess is the easparicon 
fties tests with those of single-property tests 
weeningful, since the performance of FlzZ am ihe single-property tests was, 
except for the wovenent tests, ut a relatively high level. far the three 


resgining eats, some degree of incressed effectiveness in the cosbined«proper- 
thes tests is seen. Por 47, say the original positive training object uss 
ghosen more often than vould be expected by chance, although this cat vould 
approach the test object differing fron the negative objects in only outline 
and three-dinexsional shape (the tes in catbination). Yer 33, outline alone 
"was effective, although smong the combined-properties tests only the movenent~ 
texture<three-dimensionsi shape combination, and the texture-outiine-three- 
dimensional shape combination would elicit a significant nusber of carrect 
choices. ©n the other hand, this cat would apuroach the test object on the 
basis of any property~combination except the sovement-texture cosnbination. 
For P&, the sovere: 
choices, although neither of these properties vas effective when tested 
Singiy. 


fi-textare combination would siicit both approaches and 


the failure of oat HZ to choose the test object on the basis of cer- 
tain combinations involving outline, although outline wes sffective singly, 
may be due to the fact that the tests for cutlins were condacied earlier than 


Thus, the disinution of effectiveness of cute 
dine may reflect a process of differentiation, whereby the atvimal becomes sare 
perticuler with regard te what constitutes an object to be reacted to 
positively. 
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For 4, outline and three-<i 


be 


Individual differences within groupg. “iihia the two training groups, 
there ary individual differences as to the effectiveness of the various sroper~ 
wperty-coubinations. The essential differences betweea the twa 


“o gates (43 and 87) have already been wentioned in the isuexdiietely 


eting section. Within the group of eats trained to choose the pyramid, it 


ean be seen that, for Plz, 211 of the cingle properties except movement vere 
effective, beth for spproemech and for choice. For ré, no property was effective 


sensional shape were effective for 
choles. (Approach scores would not appear to be very meaningful for this cat, 
since on the training trials this cat's approach scores were generally lox. } 


mensional shape were effective, fer beth approach 
and choice. | 

While there is little basis in the data recerded in the present experi~ 
went for explaining the individual differences observed, it would appear that 
further study of thie metter would be desirable. IM is conceivable that s 


wore csreful observation of the diseritinatery behavior of the animale would 


- Yevenl some relationship between individual differences in effective properties 


and the animele’ dominant mode of behaving in the situation. 
percent. correct choices scored F or % (indicated in the table as #"), and the 
percent scored J. Guly those properties which elicited a greater than chance 
nunber of correct cholees are indicated (i.e., only these properties identified 
by asterisks in the choice [C+] column of Table 3, p. 39, are included). The 


mifest. In Table 4 are presented the 


‘Percents are in reference to the total possible number of correct choices that 


could possibly have beea made.* 


*For the F+ category, the total possible correct ig the nusber of trials 
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c& ebm be geen that, only in the case ef texture eas a screnter per= 
centage of choices made in the near, as contrasted «ith the far, situation. 
fa eli other cases except one, the correct fer choices exceaded the correct 


near chojees by at ieagt thirty xe: Sven in the exception 


(832: outline singly) there was = grester percemtege of correct choices made at 
@ distances, sltheugh the difference was not ac great as in the other cases. 


Macugsies 


of results. There are several potentialiy isportant 
features of the deta oresented above. “ne unexpected finding ves that ovement 
was ineffective. This finding would appear 

implies that. oniy certain Kinds of tovement sre effective. The movement used 
io the present study was cuite steady, and relatively siow, and both positive 


gS 


and negative cbjects ware moving. It may very well be that only a relativeiy 


jerky, repid movement would interest the eat in a situation such as the 
present one.* 


wun. For the b category the total possible is the nuawber of trisis run mimuis 
the musper of correct trials scored F or HN. The rrtionsie for this compula~ 
tion is as follows: According to the criteria for scoring *, My or 5, a core 
rect. choles scored f or M could net possibly have been seared % as well. An 
incorrect choice scored f or H, however, could have been corrected before the 
eject incorrectly “chosen” wee contacted. In such o case the choice would 
have been correct and scored %. Conseauentiv, the number correct scored F or 
re ee Se ee narra cholees scored N are 
osidered, wheress the mucher incorrect scored * should be considered. 


*Cat , after the termination of this experiment, was was studied further 
by Dre. K. cener, 4. Geffrron, and “. Hugh Phils. én sttemnt was made te 
train thie cat to discriminate identical objects that differed oly in direc- 
tien of movement. Although the sethad of approximation was used, in which 
the differences in speed of movement were quite gross at first, and gradually 
bn leing the discrimination was achieved only after a relatively Leng and 

sduous training period. This dstum tends te confire the present findings 
with regard to the ineffectiveness of the kind of movement emoloyed here. 
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Of eajer interest ia the sugeestion thet the orsoerties of the objects 
that Recow affective are sens function of the asture of the positive and/or 
negative opjecte. In this regard, one soscible faetor related to the differance 
es between heciephers and pyrasid cate (i.ge, the offectivenses of texture 


ional gnape for pyramid, but net for hemisphere ests) is the 
faet thet tse test trisis wers conmeled in o gontext in which the negative 


otis And ell tast objects (4se-, a1 “eorrect” 


Bras objects sere uhehan 

Gbjects) bad negative, as well es poslidive features. Uxectly haw this ight 
ariect the resuits is a mastter for apeculaiion, bet it would aposar that the 
uae of an additional test situation--for examrle, are is “hich the add and 
correct “test objects” are actually the (unchanged: positive training chject, 
gixi the four *nagetive* objects have sone cositive end some negative proper- 
ties, sould be desirshbie. 

aeother fentbure of the data that worrents further investizetion is 

that corrwet choices of the test. shieat, vhen texture wae ite omnis dis« 
tingalehing erorerty, were made oredoainantly near to the objects, whereas 
correct choices onde on the basla of outline and three~ 
wade oredosinantly et a distence. While this datum may simply be a reflection 
upon the acuity of the animals, it sey siso reflect a relationship between the 


tensional shape were 


nature of the effective atimslus and perceptual behavior, either as a function 
of the individual eat or of the satare of the training siiustion i1.e., which 
object 4s positive). Tous, the fact that two of the pyramid cats (for whom 
texture was effertive) may have been shle to inhibit choice of the incorrect 
oosect approesched, and then choose the rough object, may have a beering upon 
the kind of dieeriminatery behevior learned in the training situation. 
Discussion of method. Although the method proved, in general, te be 
acceseial, & number of technies! and procedursi shorteonings besase apparent 


Guring the course of the experiwent. In the first place, illweinstion of the 
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56 
objects eee only from above. This had the effect of producing a very dark, 
inverted “!*=shaped shadow on the underside of the cyramids, which possibly 
eonfounded three~dimensional shape and sutlime, at least at a distance. it 
ves Bise noticed that, although the objects vere tainted with the sane paint, 
there vere slight differences in brightness between the herisphere and the 
pyrazid, due to texture differences and differences in disposition in anace 
ef the surfaces of the two objects in reistion to the source of illosination. 
Although overall brightness alse veried with the position of the objects in 
the stimulus array (objects at the sides af the appar 
illuminated than objects in the center) and the costs were responding reliably 
om the training trials regardiess of the position of the correct object, it 
vas deemed advisable to correct this situation. Jnsther orebles vas that, 
sithough the cbhjects were equated for phenox 
the effectiveness of outiine at 2 distance could heave been due to the differ- 
ence in projected surface ares of the objects. Consequently, in order to be 
relstively cartain about st least one quelity--outline, it sppeared desirable 
te equate the ebjects far projected siaface area. 

em appears to have arisen in the ruming of cosbined-properties 
test triais after the single proserty tests. If the cats tend to becose more 
particular with resard to the objects chosen, comparison of single-prorerty 
tests and coubined-properties tests would only be meaningfel if the tests vere 
unsystematically distributed in tine. ‘The change in testing procedure in the 
cage of P12 reflects thie concern. 

sith regard to the satter of training the anizsle in the original 

problem, the procedure used for P12 appears to be the best. It would appear 
reessnabie that, during any process of adaptation to the training apparatus, 


satus vere less brightiy 
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the eat might learn things about the situation that would interfere with the 
| iesrning of the problem. Ideally the cat should leern az quickly as possible 
the fact thet, in order te get food, » relatively specific thir has to be 
4 done--L.@., contact an cbhject. Adaptetion, in which the est is fed without 
working, weaid appear to be an interfering feature here. 
ta regard to the choice response to be required of the animal, the 
resuits of the present study indicate the: contacting the object itself is 
the beet response to use in that ests trained to zeke this response from the 
‘beginning achieved a hizh level of performmnce sore rapidly than cats first 
trained to open the deor behind the correct object. 
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EXPERIMEN IE 


In Experiment I, = method was adapted for training cets toe sake object 
discriminations, and for testing them to determine the properties of the cb- 
jects that were effective in mediating the discrimination. The resulis of 


this experiment indicated that the apparent effectiveness of the properties 


of the objects differed from cat to cat and seemed to denend upon which object 
wos positive. It wae suggested that these appare 
gue to the fect that the test trials were run in a context in which the nega- 
tive training objects were unchanged, the positive test object having both 
positive end negative properties. It wes aise suggested that the place at 
which the discrimination was made was related to differences in effectiveness 
of certain properties. “xperiment IT was conducted in order to check these 
findings, end te explere further the reletionships among effective properties, 
the positive training object, and the place at which choice was made. 


differences may have been 


The object-properties studied in this experiment are texture, outline, 
amd three-dimensional shape, slome and in combination. Direction of movement 


ted from this experiment because it was not effective for any of 
the cats in Experiment I, whereas each of the other three properties was ef- 
fective for at least some of the sats. However, in order to change the situa- 
tion as little as possible, all objects were presented moving horizontally. 
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In the execution of this experiment, « wore nearly standerdé training 


dure was employed, and certain new technical and procedural features 


into the apparatus and experimental design. These changes 
will be discussed in the appropriate sections below. 


Subjects 


eubjects were ten experimentaliy naive young adult house cats. There 
were two tales and eight females. They were eaiected and maintained in the 
_ game way as the subjects in Uxperiwent I. 412 subjects appeared to remain in 
good health ti at the experiment. The cats were randionly divided inte 


mosed of four females and one male. “me greup, consisting 
of cate P19, F30, P33, 735, and P37, were trained to choose the rough pyramid, 
and the other croup, consisting of cate 54, 491, 832, 434, and 936, wre 
trained to choose the smooth hemisohere. 


The Experimental Situation 


aratus was basically the same as that used for 


Experisent I, except that a row of five seven-watt incandescent bulbs was 


- placed in the trough in the lower corner in front of the objects. The light 


frou these bulbs was diffused Uprough a piese of sanded plexiglass. This ad- 
dition rendered the top and the bottom of the front surfaces of the objects 


mately equal in iliumineticn. 
gtimulus objects. The stimulus objects used in the experiment are 
indicated in Table 5 and Figure 3 (p. 27). dust as in Experiment I, they were 


sted from balsa wood or styrofoam ani painted with a sedium gray tempera 
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Table 5 
esanindints of ne and Test aes Used in Experiment 1° 


Sbject. faint Deseription 
& Ltm/s w Smooth hemispheroid. Base = 2-1/2 in. diameter; 
height = 1-3/ & in. 
B 8 Sough truneated pyramid. Base = 2-1/8 in. 


square; height = 2 in.; front surface peraiiel 
to base = 7/8 in. square; indentation of texture 

eproximetely 1/32 in. to 1/6 in., 
with an average of approxisately 1/16 in. 


o * pyramid, same dimensions as Gbject 5. 

a ™ Seugh hemisphere, same dimensions as “bject A 
texture same ag in Chject 5. 

2 “ Smooth pyramid, with 2-1/2 in. diameter circular 
bese. Seight = 2-1/8 in.; front surface parallel 
te base = 7/8 in. squares circle was eut from 
pyramid with 2-4/8 in. square base. 

r 3 Rough pyramid. Texture identical to that of 
Object. 8; other dimensions are those of Soject =. 

@ | * Smooth hemisphere with 2-1/5 in. square bese. 
Height = 1-1/2 in.3 original hemisphere, from 
which square wae cut, uss 3 in. diareter. 

2) * Rough hemisphere with 2-1/@ in. square base. 


Texture same a5 in Object G.- 
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Sxeept for paint, identicai to Ubject a. 
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Exeept for paint, identical to Object 2. 


a, See also Figure 3, p. 27. 


b. 1 Bi / 4 @ mesns that one part black tempers paint was mixed with 
four parts white tempera paint. 


re 
javwdh 


ee 


natig tees 


—— ee en ene oe pan eetdgtete ate sayy egpatiers Hina Rey aie ose srisps tesnatiae itty eekiges sei a vey ster we 


=elemaly st, Dies * ORR 5 bht 


2A © oem JRE ee ae Sapp 
a Seas: FOE Gadd 2. Mote 
ep dwt to midswerel towie aR . 
pet A ed nek SVE alone ieee ri 
oat TENT sogeaichotea “Yr een 


«< ghey 4 we ghenele ate _ sean ie —_ 


‘i sme aa ‘acon danse by ‘Side 78 pong ea oct . 
. : ee, Pie ka ob ae. ste _ 


waanwits wateendh: sat Don @ hbwrcey Meow os a, 
eS ee ee “ion - mes oe 
gonad: Geil ae Ol Sade 


 aedk ot “Bows arabs wed aar bday dese nae 
baat ie ogank ofies wadeiemtph tte washes Aa sini Bee 5 site 
gles WG BPRS Ee st: ne. ahenk ho oe wotigutich ious Et Perea eae: * : 
acy gwinie Die” (aidokm goaut Sets ane : 
abet als “ot i, SRT gt: eh oti be, sles 


wel arauid nti, BAS. hs Stat deh 


te tc Sal al aS “4 
alin 2 ea Pinccatlinnaeg’ 


oer ii a aaa inae anes 


iil 


{ome part bleck to four parts vhite). In order to equste the objects for 
projected outline sise end, at the same time, keep then reasonably equivaient 
in taree-dimensional size, it wes necessary to forego using perfect hemi- 
spheres. The “hesispheres* sere, then, actually hemispheroids, although 

the term “hewisphers” will be retained here. ‘four additional snescth heni-~ 
spheres (I) and four additional rough pyramids (J) were constructed for use 
in teste run in arder to control for brightness differences between the ob- 
jects. (2ee testing procedurs below.) 
that they would be noticeably darker than the darkest of the “brightness< 
normal” objects ione part black to two parts white), and the new pyramids 
were painted noticeably jighter thaa the lightest of the brightness-normai 
objects (one part black te ten parts white}. A111 ebjeets were attached to 
the horizentally-neving rod during both training and testing. The amplitude 
of movement was 1-7/8 inches, and the duration of the cycle was three seconds. 
The training procedure used in this experinent 
nearly standard for 211 mibjects than in Sxperiwent I, and was chosen 


with the sim of prsiucing reliable discrimination performance as rapidly as 
poszible. The procedure chosen was essentially that used with cat Plz in 


Experiment I. The first phose of training was begun without any prior 
adaptation to the apparatus. in this phase the eat wes presented cith the 
positive abject elone, the position of the object varying unsystematically 
fron trial to trial. If, in the process of explerine the box, it happened 

te contact the object, the door behind the object was opened and the cat in- 
duced to enter the gosl box and est the morsel of horse meat, which served as 
the incentive. If the cat showed no interest in the object, the door behing 
the object was “wiggled” in an attempt (usually successful) to get the cst's 
attention. It wos usually, however, not admitted to the goal box until it con~ 
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tacted the ebject. In mo case was it sliewed to gush the door open. This 
phase of training was continued until the cat appresched and contacted the 
@oject, without previously contacting any dear or showing any signs of dis« 

urbence, on three successive trials. The nuzber of trials and days required 
for mastery of this phase of the problea varied from & (day 1) te 29 iday 4). 
with a median value of 2] trials (Zz days), and seemed to depend primarily upon 


the timidity of the individual ext. “ere timid ents required a Llonzer time. 

The next phase of training consisted of ten consecutive trisle in 
whieh the positive object wes presented in each of the positions twice, 
along with the four negative objects. The cat was allowed to contact any and 
all ebjects, but was rewarded only when it contncted the positive object. 

Tm the third chase of training, the one positive an’ four negative 
objects vere presented ae in the mrevious phese, vith the position of the 
positive ebject varying unsystematicaliy. The cat, however, was alicwed only 
to atterpts (contact-choices} on = given trial. The second incorrect attempt 
ou 2 terial was punished by the pulling up of the shade between the cat and 
the objects, to prevent further cholees on that trial. ‘“m such oceasions the 
eat wan removed from the choice bex and returned to the starting box. «here 


ever ii proved necessary te use the shade on two consecutive trials, the next 


trial was rum with only the positive training object oresent. Such trials 
were continued unitil the cat approached ami contacted the sbject imusdiately 
on one trial. On the next trial the four negative objects were reintroduced 
and the eat again allowed only two attempts to find the positive object. 

This procedure was repeated until the cat was correct on the first attempt on 
fourteen out of the last fifteen trials of a thirty-trial session. ‘nee this 
eriterion was achieved, the cat war overtrained for three days (ninety 
trials). Turing overtraining only one attempt per trial was ellowd. ‘The 
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shede was used after an incorrect attempt, and the est returned to the start- 
ing box. 

Only one session per day was run. ‘hile most of the cats could not 
be induced to run thirty triais per day during the early stages of training 
(ieOe, the first day or two), as many trials as possible were run up to 2 


imi of thirty. Thereafter, thirty triais per day wre run. A correct 
choice was always rewarded with a morsel of sround horse sest, which con- 
stituted approximately 1/30 of the cat's daily ration. Thus, i% would obtain 
its entire ration during = day's session. if it failed to obtain the entire 
ration, it wes fed the remainder shortly efter the end of the sessicn. 

Testing procedure. Three major chamgea were made in the test 
procedure. In the first place, 2 new series of test trials was added, in 
which the positive training object was unchanced, serving as the odd and cor- 
rect object on training trisis. This object was presented along «ith four 
identiesl, but changed “negative” objects, which were changed so 25 to have 
certain positive as well as certain negative properties. This situation will 


it is te be contrasted with the 


mohanged on the test triais, and vere presented with an odd and correct 
object that had beth negative end positive festures. This latter condition 
will be called the *n oa" context. (Figure 5, p.66, provides il- 


lustrations representing the test situation for each training croup, property, 


: gative pREetaage- sales 


and context.) 

The second change in methed of testing involved the testing of both 
Single and combined properties over the same pericd of time. This was done in 
order to minimize any effects of differentiation, which, although manifest in 


only one cat in the previous experiment, is a factor which could interfere with 
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interpretation of results. 

The third major change involved the introduction of a series of 
triais in which the brightness relationships between hemisphere and pyramid 
(or the test objects derived from them) were reversed. This was done in an 
attempt to ruie out amy contaminating effects due te the intrinsic differ- 
ences in brightness between hemisphere and pyramid. 

The specific procedures followed during testing are as follows: After 
completion of overtraining, the test chase was initiated. ‘turing this phese 
thirty-two trisis were run per day. “nm every test day each of the twelve 
property-test conditions indicated in Table 6 was met once. The order of 
presentation of the test conditions was unsystematically varied from day to 
Gay.» The mermer in which the test trials were interspersed in the training 
trials was varied somewnat for PlS, "19, F30, NBl, 432, and P33, although 
no more than two consecutive test trials were ever run. For N34, P35, SoG, 
and P37, the order was invariably as fellows: Five consecutive training 
trials were followed by six test trials, each of which was separated from 
the other by one training trial, for a tetal of eleven triais. This 
sixteen-trial series was then reneated, yielding a tetal of thirty-twe 
trials. The position at which a given test object was presented varied 
from day to day, althouch in the long run each object was presented an equal 
number of times at each point. 

Test trials were ron for 2a total of fifteen days. n the first five of 
these test days the training and test cbdncte were “normal” with respect to 
their Grightness relationship (i.e., 211 cbjects were painted with the seme 
paint). These tests will be referred to as the “brightness-normal” tests. n 
the last ten days of testing, five “brightness-normai” days of tests were run, 


plus five days on which the brightness relationships between the positive and 
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Table 6 


fest Chjects Used for Zach Test Comdition for Hemisphere-positive 
and Pyramidepositive Cate in “xperiment IT 
erightness-reversed 
an soernrprem tion 
Fositive- § Segative- 
unchanged unchanged unchanged 
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a The abbreviations used in this coluan ere identified in Table 2, 
Pe ' 


b&b For each entry, the first letter refers to the object iisted in 
Table 5 that is odd and “eorrect™ in that test condition. The second letter 
refers to the object listed in Table 5, of which there are four in that test 
condition. Thus, "A vs. 5° means that one smooth hemisphere (A) was presented 
with four rough pyramids (3). 
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negative objects were reversed (i.¢., the darker hemispheres or the tbrichter 
pyramids were substituted for the normal ones). On any “brightness-reversed” 
day, a11 trisis--ineiading the interspersed training triale--sere run with 
the brightness relationship reversed. The order of occurrence of brightness- 
normal ami brightness-reversed test days varied from cat to cat, bet no more 
than two consecutive brightiness-reversed days were run for any cat. The ex= 
act order for each eat is indicated in Appendix 4, in which the asterisks in 
the Gt eclume indicete the brightness-reversed days. 

On the interspersed training trials the shade was used as needed, 
just as on the overtreining triais. “nm the test triais the cat was revaried 
36 of the choice made. If the object chosen (4.8., first contacted) 


happened to be rejected before the experimenter could open the door to the 
gosi box (which teok frou one te two second 
tacting or remaining in the vicinity of eny object long enough for the door 
behind it to be opened. Trisis of this sort were rather infrequent. 
Behavioral observations. Necords of the behavior of the animals on 
each trial were kept, just as im “xperiment I. Sinea it proved impossible 


s) the cat was rewarded for con- 


to observe, remewber, and record accurately ail aspects of the animals’ be- 

_ bavier on e trial, emphasis was placed upon the approach of the animal to the 
objects, and upon the correctness of their choices. The precise mode of 
contact with the objects was recorded as remembered, and only after the mode 


or apn = Bay 


and the objects enpprosensd and contacted were recorded. Choices 


Were scored as correct. or incorrect, depending upon whether the cat first con- 


tacted the positive object, or the “correct” test object. The place at which 
the choice was manifest was ascertained according to the criteria for scoring 


¥, Sy and W employed in Experiment I. 
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Results 


‘tyaining. The performance of the cats during training is indicated 
in Table 7. The dependent weasures indicated are the number of trials on 
the discrimination problem (i.e., the odd and correct stimulus object versus 
the four negative objects), the total nusber of trials (including all pre- 
liminary ead later trials in which the positive object “as presented alone, 
plus the discrimination trisls), and the mutber of training days required 
(1) te dexonstrate better=than-chance performance (six carrect out of an ar- 


pad block of ten trials; p = .066), and (2) to reach the 

_ performance criterion required before beginning overtraining (fourteen out 
of the last fifteen triale correct on the first attempt). Also indicated in 
fable 7 arc the worber of errors made durine overtreinine. “arm and 
whitneyts = vas exleulated for each score, comparing the hemisphers with the 
pyrenid ents. In no case eas a difference significant at the .05 level ob- 
tained, which indicates that the twos training groupe did not differ reliably 
in terns of the ense sith which they learned the discrimination, or their 
stability of performance during overtraining. 

Training trials run on test days. In Table 8 are presented the mean 
percent correct cholees (¢+) and correct choices scored F or # (indicated as 
F* in this table) for each eat in the brightness-nores] and brightness-reversed 
condition. Inspection of the table reveals that, although their choice per- 
formance wig relatively unifors and quite high, the eats varied considerably 
in the percent of correct choices made at a distance. In this regard the 
pyranid eats may have been somewhat more uniform than the hemisphere cats, al- 
though the ff test reveals no systemtic differences between the two groups. 

Sileexon’'s T was computed in order to compare the overall brightness- 
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63 
normal means with the briehtiness-reversed memes. The results indicate no 
significant differences between brightness conditions for either C+ or Ft 
AGUS + 
in Appendix 4 are indicated the ousber of 
correct. choices made by each cat under each of the test conditions for the 


brightness<normal situation. The errora made umier each condition are indi- 
eated in Appemiix 3. Seth correct choices and errors are further broxen 


jing to whether they were scored fF, M, or . Table Y indicates 

the mumber of correct choless, regardiess of whether they were seored =, ", 
or i, made under each of the brightness-reversed conditions. 

For the present purposes 

lored to be effective if (1) o eat makes a total of six or spre cor- 
rect. cholees (the total possibile is ten) under that brightness-normal test 
condition, and (2) makes three or more correct choices (the totel possible is 
(1), but not criterion (2), shove was met will be discussed later. Suffice 


J, of & combination of properties, 


4 ceonditien. Those cases in which criterion 


it to say that failure to meet the eriterion (2) is at least suggestive that 


ness was a factor entering inte the suceese of the animal in meeting 
eriterion (1).* 


*There are several possible means of ruling out brightness as a factor 
in determining the effectiveness of a given property under the brightaess- 
noraal condition, one of which is indicated sbove. Another approach would 
regard brightness as s factor that would help the discrimination in the 
normal condition and hindar it in the reversed condition. In such a case it 
would be most appropriate to consider the last five brightness-normal tests, 
together with the five brightness-reversed tests as a unit and determine 
whether or not statistically significant performance is achieved with the 
effects of brightness “eancelled out” statistically. When this is done, there 
is only one case out of the nine critical ones (4.8., the ones in which a 
property was effective under brightness-normal, but not under brightness- 
Feversed conditions-«see Table 1¢ 4 or 10 B below) in which the combined 
Sceres add up to the criterion of six (the texture test in the negative- 
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62 
in Tables 19 A and 16 5 ere entered the binomial probabilities of 

chance occurrence for each case* meeting criterion (1). Those cases in vhich 
eriterion (1), but not criterion (2), was met are designated by "8° following 
the entry. The probabilities in Table 10 4 refer only to the choices scored 
Foor & (4.e., choices manifest at a distance), and ths probabilities in 
Table 10 B refer only to the choices scored ! (i.e., choices manifest near 
the objects). The probebllities indicated in Table 10 A were calculated 
using ten as the total possible carrect. Those in Table 10 3B were calculated 
using ten minus the total nusber of correct choliess seored F or /.** ‘Thus, 
the eases having entries in Table 10 A are identical with these in Table 10 &, 
im that only those cases in “hich six or more correct choices were made were 
entered. The probebilities, however, sre different, since they reflect the 
distribution of far and near choices among the six er more that were correct 


in each case. in brief, the presence of an entry in either Tsble 10 4 or 


Table 10 8 indicates for each cat, context, and property tested that that 
property was effective in the brightness-normsl condition, and the presence 
or absence of "BY indicates whether or not the brightness-norzal effective- 
ness was mitigated by a reversal of brightness relationships. 

The essential features of the results presented in Tables 16 4 and 16 5 
are indicated in § 


2 5. In this Figure, the positive and negative objects 


used for each property tested, each context, and each irsining group (i-e.-, 


henisphere=positive or pyrasid-positive}) are shown diagrammatically,» and’ the 


wnchanged context for H34). These results would appear to support the ruling 
_ out of these critical cases on the basis of the brightness scores. 


*5 “ease” is bere defined as a given combination involving one cat, ome 
property or property-combination tested, and ane context. 


vee rationale behind these calculations is the same as that presented on 
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& For these scores, the total possible correet = 19. 


b. Mo entry means that the eat failed to obtain six or more correct, in- 
cluding choices scored lH. 


c. “5" following an entry means that, in that condition, fewer than three 


correct out of five possibie choices vere made wider the brightness-reversed 
test comiition. 
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8. Probsbilities Based upon Choices Scored i 
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nusber of cats for when each test condition was effective in both 
brightness-normal and brightness-reversed tests is indicated. 

The data presented in Tables 16 A and 10 5 and in Pigere 5 are de- 
geribed below. First of all, the overall (i.e., without regard to place at 
which ehoice is made) effectiveness of each single property and property- 
cotbination not affected by brichtness-reversal will be indicated. “ext, the 
data indicating the piace at hich the choice was made wili te deseribed, and 


then the cases in “nich effectiveness of a property or property combination 


| 
} 
| 


was mitigated by brightness-reversal will be considered. 

Texture. Inspection of Table 10 4 or 10 B, or of Figure 5, reveals 
thet if the entries marked °5” are ruied out, sons of the hemisphere cats 
chose on the basis of texture differences alone. They would choose neither a 
emooth hemisphere in preference to four rough hemievheres (the sositive- 
wmehanged context}, nor 8 smooth pyramid in preference to four rough pyranids 
(the negative-unchanged context}. the other hand, four of the five 
pyramid cats chose correctly on the besis of texture when the test required 
the selection of a rough hemisphere from four smooth hemispheres (negative- 

ged), bat not when 4 rough pyrazid was to be picked out from four smooth 
pyramids (positive-wichanzed). 

Sutline. then the tests involved outline differences only, all five 
of the hem 


sphere cats would choose a sucoth hemisphere with 2 circular base 
Yather than a ssiooth “hemisphere” with a square base (positiveeunchanged), and 
four of the five would choose a rough “pyramid” with a circular base in prefer- | 
enes to a rough pyramid with a square base (negative-unchanged). However, 
among the pyramic cata only one would select a rough pyramid with a square base 
in preference to four rowh “pyramids” with circular bsses (positive-unchanged). 


|| Four out of the five would, on the other hand, choose a smooth "hemisphere" 
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with a aquare base in srefereme to 2 smooth, cireular-pesed hemisphere 
(negative-unchanged). 

Three-cimensional shese. when the objects differed only in three- 
dimensional shape, oniy one hemisphere cat would choose the correct object, 
and then only when it was a smooth hemisphere, presented in the context of four 

mide” with circular beses (positiveeunchanged). In ea like manner, 

only one pyramid cat “would choose a rough pyramid presented with four rough 
"“heni spheres” with square beses (positive-unehanged). However, ail five 


yremid cats would select a smooth “pyramid” with cireular base in preference 
to fow smooth, circular-based hemispheres (negative~unchanged). 


we cats would choose a test object 
when it had a circular base and the four “negative® cbjects had square bases 
(all combinations invelving outlines both sositive- and negative-unchanged 
contexts). nly two hemischere cats, hoxever, would choose a smooth hemi- 
sphere in preference to a rough “pyremid” with 2 cireuler bese (texture- 
three~ié 


mensional shape combination; positive-unchanced context). on the 
other hand, three of the henisphere cats would choose a smooth “hemisphere” 
with a eyuare bese in preference to a reugh pyramid «ith a square base 
(texture«thres-dimensional shape cowbinations negative-unchanged context). 
In the case of the pyramid-trained cats, only two cats would choose 
a rough, cirouler<based “pyramid* in preference te s smooth, square-based 
pyramid (texture-outline 
five eats would choose a rough, square-based “hemisphere” in preference to a 
smooth, circular-based hemisphere (texture-outline cembinationg negative- 
unchanged context). When the correct object was a rough pyramid and the in- 
correct. objects were smooth and rounded, with all objects having square bases, 


combination; positive-unchanged context), whereas all 
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only three pyramid cats would choose the correct object (texture-three- 
dimensional shape cozbination; positive-unchanged context). “hen the bases 
were clreular, however, all five pyramid cats vould choose the correct object 
(texture-three-dimensional shape combination; positive-unchanged context). 
Finally, ali five cats would choose a squere-based pyramid in oreference to 
a circuler-based hemisphere, regardiess of the texture of the objects (outline- 
three~dimensionsl shape combination; positive~ and negative-unchanged con- 

The position at which the choice is manifest. In order to uncover eny 
relationship between the nature of the effective properties and the pisce at 


@hich the correct choice was made, Fisher's (1950) Chi-square method for com 
bining probabilities wes applied to the data in Tables 10 4 and 10 5. The 


onbined-prebabiiities for every quality tested in which two or more cats had 
entries (exclusive of the entries marked “5") vere computed. The results are 
indieated in Table 11 and again in Figure 5, p. 66. 

Yar choices: Considering only the cholees made at 4 distance (F*), 


sphere cats, only those tests involving out- 


line differences elicited a greater-than-chance (p ¢ 05) number of correct 


choices. The texture-t! sional shape coxbination was ineffective at 
a distance in hoth the positive- and the negative-unchanged contexts. Yor 
the pyramid cats, on the other hand, ail properties and combinations tested, 
except. for textures, were effective at a distance in the negstive-unchanged 
context. In the pesitive-unchanged context both property-cormbinations in- 
volving three-dimensional shape differences were effective, whereas the 
texture-cutline combination was not. 

Near choices: Coneidering the choices made near the objects, it can 
be seen that in only one ease--that of the pyramid cats tested in the outlins- 


wins tea Nes, 


sg) eae medi «6 « lreiee sein a ial eubcwaee 


seogi fh. EAT met piesa Bikey weit State omit he ee oe 
, >) Caras mets aeaerey =o 
a? SRE te si 3 et heaven. 


ae) Oletd pee te omebeet eth Te 


5 Ae owiramels nee hee anid test qantas 


Be Teer Ge waste a. “wi aa ae i 


a Cie 2 3) eels Bh ele ae oF: + buaaigge! we: svt Oa del sin " 
ta Se aN cee + doa a te Aaightage prive wet oatattidad vg 
we ebigaes git. babe east | ae snags Sebati nit Te etalon eta oe 
SS 1g 2k winged abaya tne fe ses aa 
oi) aah = te mies equine aly epee sade 
© jt antiabd s mt cdeed nies oe gant SRS ramps dercamek ie 
Sacwwen “We GORRAT LER. Sy . 


fe Oye i aw 7384 Fae Fahim cette econ nhanerd Bears ge 


aay 


“ngitopmine numa ele asetels 4 tu ateon womb “a es 
~ot aim adinka coy mega Mew iooinee Benwatltommtin lee iat, i : 

6) georext .en) SSRs orew coh cyan Lemelianpelbeansly i sueetow | 
rapgbed saat 


Tabie 12 


Combined fyebabllities Chi-square Yaines for Par ordi Sear Choices for 
Hesileshere-pesliive snd wyrenidepositive wate, for Yeck Context and 
Seek Property Tested in “hich Tso ar “More cate Scored S4x or “ore 
Correct ami sere sae sire = Brightness Seversei in 
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three-dlimensional shape covbination in the positive-unchanged condition 
{i.e., where ali objects were rough in texture), was there 2 failure to make 
& greater-than-chance nuaxcber of choices. 

The single cases not included in the analysis oresented in Table 11 


are not numerous. 834 would choose on the basis of three-dimensional shape 
vhen the mmtline and texture of 411 objects vere positive, bat only in the 
near situation (p = .010 for nesr; p = .623 for far). Frecisely the sam 
situation holds for P35. The dats for P19, however, are inconclusive. <hen 


outline differences were tested in a context of the cositive texture and 


meneional shape, neither far nor near choices exceeded the .05 level 
of confidence (p = .120 for fsr3; p = .347 for near). 

The effe ots of brightness reversal. Further examinstion of Tables 
10 A and 10 B, pp. 63 and 64, reveals the following with regard to the 
entries marked "2". in the first place, there were seven such cases for the 
hemisphere cats (and every cat was affected in at least one test condition), 
whereas for the pyramid cats, there vere only two such eases. This would 
indicate that rele of brichtness was greater for the hemisphere cate. Second- 
ly, all of the affected hemisphere cases consisted of tests involving 
texture and/or three-diwensional shape differences. ne of the pyramid cat 
cases involved the test for texture, and the other involved the texture- 
outline coabination. ‘Thirdly, it appears thet for these same cases in the 


rai condition, the correct choless were sade predominantly near 
the objects. This conclusion is based upon the fact that, with two excep- 
tions, the binomisl probabilities are smaller for the near choices than for 
the fer choices. (Ine of the two exceptions is #32, in which the texture- 
three-dinensional shape combinstion in the positive-unchanged condition was 
affected--p = .032 for fers p = .264 for near. The other exception was P35, 
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7S 
for whom the texivre-cutiine combinstion im the positive-unckanged context 
was affected=-p = .006 for far; p = .590 for nerr). 
The distribution and position of incorrect choices. For the purposes 
of analysis of the errors made on the test triais, Teble 12 was orepared. In 


this table are indicated the percent incorrect cholces scored F or M for each 
ease not entered in Tabie 10 A and 10 8. it.e., for every entry in Table 12, 
five or more errors were made.) Tt is appsrent that for the hemisphere cets 
the majority of erronecas choices sade under the pesitive-unchanged conditions 
were wade at a distance (p = .04, by two-tailed sign test), whereas those 
made in the negative 


wunchenged conditions were sede in the vicinity of the 
ebieets (p = .016, excluding sero percents, which are seaningless in this 
eontext, since, in these cases, aii incorrect choices were made at a dis~ 
tenes). Jimilarly, the pyran: 
tanee in the positive-unchanged conditions. For these cats, there ses only 


& cats tended to make more errors at = dis= 


ane out of seventeen cases in which fewer than fifty percent of the errors 
were scored F or © (pc -G01). The only pyramid cat entered under the 
negative-unchanged condition was F235, who failed in the test for outiine. 
This cat meade 33 percent of its errors at = distance. 

The effect of coubining trials scored i with those scored F. In the 
analysis thus far, choices scored F and choices seored / were both tsken to 
indicate choless made “at a distance.” The *s were included in the distance- 
Choice category for two reasons: (1) It appeared desirable to distinguish 
choices that were clearly manifest in the immediate vicinity of the objects 
from those that vere senifest at some other place. (2) There were too few 
Meghsices to warrant including them in a separate category of choices. Conse~ 
quently, they were combined with the F choices and eslled “distsnee-choices.” 
‘This rationale may or may not be justifisble. However, inspection of 
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Table iz 


Percent of Totel Grrors Scored F or =, for Sach Hemisphere-~ 
positive and Pyrestid-pesitive Cat, Sach context, and Zach 
Property Tested when Five or “ore Errors “ere fade under 
the Brightness-narmal Comiition in “xperiment IT 
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76 
fives 3 emi < rewale the ralative paucity of “-choless, compared with 
"9 und S's, which, in turn, suggests that the combining of H's with Fs as 


vemsioensi shane comhinetion was ef« 
fertive, but only for two cate im the positive-unchenced condition, and for 
three cate in the neestive-unchanged comiition. Ia all other cases shere 
texture or three-dimensional shape differences were effective, the effective- 
nese was mitigated by reversing - ees relationship between positive 
Pyrasia cate: For the ppramid cats, outline and theres 
aces were effective in the gar situation, but only, when tested 
singly, in the negstive-unchanged condition. “hen presented in cerbination, 
they were effective in beth positive and megative-unchanged comiitions. In 
the near altustion, all properties tested were effective in the aagetive- 
anged cuxiition. The effectiveness of the proverty-coubinations tested 


meed condition varied from eat to ext. However, the 
hree~iimensional shape eerbinstion wes generaliy not effective under 


this condition. 
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77 
dition with respect te which the two experiments are comparable, it is seen 
that in both experiments the pyramid cate tended to choose on the basis of 
all three of the single proverties: texture, ovtline, and three-dimensional 
shape, whereas the only effeetive property for the hewisphere cats was out~ 
line. “Moreover, the relationship between effective properties and the place 
at which choice was manifest was confirmed, in that texture, when effective, 
wes effective only in the near situstion, uhereas outline and three- 
dimensional shape were, in a number of cases, effective in the far situation, 
@s well as in the near situation. 


context. it was suggested on the basis of the 


mt I which indicated that only outlines was effective for 


© cats, whereas texture, outline, and three-dimensional shape 
were effective for the pyratid cats, that the intreduction of the positive- 
unchanged condition would increase the sffectivenese for the hemisphere cats 
of prorerties tested singly. This suggestion was not confirmed by the results 
of Experiment IT. Indeed, the most apperent effect of the introduction of 


anged context wae a reduction, for the pyramid cats, of 
rant effectiveness of all three properties tested singly. This ef- 
fect, on the other hand, was not seen in the case of the hemisphere cate. 
This finding is quite interesting, and some explanation for it vould appear to 
be required. 

if the effectiveness of 211 the single properties as demonstrated in 
the negative-unchanged context can be assumed, then one possible explanation 
for the ineffectiveness of single properties in the positive-unchanged context 
for the pyremid cats, but not for the benisphere cats, presents itself. This 
explanation woulé involve the assumption thet the cats were reacting posi- 


tively to any object having (effective) positive features, without regard for 
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7& 
its nezgative features. If this is true, then; im such a case as that of the 
test run in the positive context. in which all objects had some positive 
featurss, the distribution of choices among the objects would tend toward 
chance, which is exactly xhat happened. The feilure for this phenomenon to 
be manifest in the hemisphere cate would appear to reflect the relative lack 
of effectiveness of texture and three-dimensional shape. Thus, if caly sut- 
line were effective, then its effectiveness could not vossibly be mitigated 
by the presence of any other (ineffective) festure of the positive object. 

a% least two other features of the date support this hypothesis. The 
fact. that a sejority of the incorrect choices made by the pyramid cats in 
_ the ineffective positive-anchenged conditions were manifest at a distance 
suggests thet the animals were, on a number of these trials, reacting to ome 
of the two untested properties, outline or three-dimensional shape, «hich were 
shown in the negative context to be effective at a distance. Furthermore, the 
ineffectiveness of the positive-unchanged sutline-three-dimensional shape com- 
bination for near choices for these cats also supports this hypothesis. Thus, 
if, for some reason, a correct choice were not made at a distance, the cats 
way have tended to wake near choices on the basis of texture, in which all 
five objects were positive. (On the other hand, the support given by this 
datum is relatively weak, since there were only a small musber of possible 
correct. choices in that situation, due te the dominance of distance choices. 
Consequently, the statistical tests would appear to previde less reliable 
 andices of significance.) 
it should be noted that the present hypothesis is contrary to one 
i point of view (e.¢., Spence, 1937) which suggests a gradient of inhibition 
around the negative stimates. The present resulis are interpreted to mean 
that. the features of the negative objects play a relatively minor role in the 
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present experimental situation. “hether the same would hold true if mly two 
objects, rather than five objects, “could be presented cannot of course be 
answered — it should, however, be pointed out that both Mater (1939) 

ami Nissen and Jenkins (1943) suggest that the properties of the positive 
 treining stimulus (“sier used patterns, Hissen and Jenkins objects) are 
dominent in two-choice discriminetion situations. These experiments will 

be dis: 


ssed in more detail in the following section. 
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th this sevtion emphasis will te placed ucon the results of Experisent 
ii. The three wejor reasons for this exphesis are: (1) the testing was more 
therough in oxperivent I1, in thet the poultive-unchenged, an well as the 

hanged context, was employed, and additions] tests were intro< 

duced te allow for the ageesement of the rele of brightness differencess 
(2) « larger mumber of cate vere run im Experiment II; (3) the training and 
testing conditions “ere more nearly standard for ell cets in Yomeriment Ti. 
On the other hand, dwta fran Fxperiment 7 will be diseuseed whon it hae a 
besring upon the argusent to be presented. 

The Giseussion ie divided inte five parts. In the first part, the 


fen of the stiewlus objects will be reconsidered from the point of view 
of their projection upon the retine of the ant at the time ef choices made 
at & @istence and nesr the objects. im the second pari, certain similarities 
betecen the resuite of the prevent experiment end results published by others, 
using other enimels as subjects, will be disoussed. In the third part, « 
tentative, ed hoc explanation of the findings will be offered. Here some ad- 
ditional eobservations! deta fron the present study ami the findings of an in- 
dependent experiment by the writer will be iutroduced in suppert of the explans- 


tion. Im the fourth part the ieplications of the present findings and of the 


expianation offered for them for the comparative study of perceptual preeesses 
feo] 
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and the relationship of these processes to sone general comparative neuro« 
logiesl considerstions will he digeusesd. Tn the fifth port exments will 
be wade eprepos of come methodolories)] considerations arising in the present 


resentation of the Training Stisuius-objects 


ooo of thie section is to indiante what are sresumshly the 
features of the retinal imeges of the training objects in the situation in 


whigh a choles was seored * or ) (hereafter celled the “fer situation’), and 
in the aituation in which s choice was scared & (hereafter called the “nesr 
Situstion”). The alm is te orovide « context suitable for relsting the 
present results to those of arevious experiments end to the operation of 


brightness contrasts, in which an enclosed light area is surrounded by « darker 
background. It le cleay that, so considered, a basic property of the object 


| ds ite relationship to the bockground, snd that thie is equivalent to the 


md relationship in two-dimensionsl etimlus patterne. (Shape as 


| defined by these enelowing contrasts will be considered as an “external” or 


“border” feature of the retinal inuage of the object. Seatures of the Image of 


| the objects within this enclosed area will be called “internal” features.) 


The thesedimensionsl shape of the pyranid, on the other hand, is 


*It should be pointed out that binocular effects ere Llenored in this sec- 
Sensideration of ther sould, however, net apsrectiahly change the conclu- 


| Stone drew on the basis of this enalyeis. 
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esented in the far aitustion hy internsl features, consisting of one 
quere and four trapesoidel areas differing in brightaeas, se a result of 


the different dispecition: in space of the five front surfaces of the pyramid 
in relation to the sources of illuminetion. The junctions of these internal 
utes congtitute relatively sharp borders, although the texture of the objects 
serves to diminish this sharpne 
systematic distritution of ssali darker and lighter areas throughout the en- 
elosed light ares, due to the texture of the surface of the oyramids. Since 
the animal is reiativeiy constricted in the detention bex, the range of vari- 
ation in the retinel images of the objects ic not very crest. 

In the peer situation, on the other bamd, the position of the animal 
relative to ony particulier object, ami, concomitantly, the retinal image of 


Sther internal festures consist in en une 


the object, is considerably sore variehle, since the enimai say teke any of 
& large immiber 
the object is viewed free direetiy in frost, the pyramidal three-disensional 
Shape would be represented by border, or external, features ss well as by ine 
ternal femtures. The relative contrib 
border fentures would vary inversely vith the contribation of three- 
dicensionsi shape. 
eentad by some interne] features, since the object could never be viewed di- 
rectly from ite side. The surface texture is represented as sostiy internal 
features, although it has an effect upon external features eas wall, since the 
edges of the pyramid are necessarily somewhat irreguler. 

Segoth hewlschere. Considering next the retinal image of the snooth 
hemisphere, it would appear that in the far situstion, outline shape is repre- 
sented by border features, characterized by relatively strong brightness con- 
trasts. Its three-dise 


of positions relative to the array of objects. Thus, unless 


on of the cuiline of the base to the 


sional shape would, however, aivays be repre- 


maionnl shape, on the other haml, is represented by 4 
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vensional gradient of trightueas, with no sharp seperation of bright- 


ness zonen. Tha gmoothness of the surface is, of course, characterized by 


relative uniforsity and the sbheence of the irregulerly distributed internal 
brighter snc darker aress present in the ieage of the pyramid. 


Ome forther festure of the near situstion ia thet cither object mast 
frequently be seen agsinst a beckgrowsl which pertially (i.¢., om ona or both 


f  gides) consists of the other objects that sre displayed. In such a case, 


conjunction of the Leages fron the teo adjacent objects vould clininate 
soe of the strong external brightness contrasts senarating object from 
grown, Not elisineted, however, are the “intrinsic” brightmess differences 


between the heuispheres end the pyremida, dus to the texture ani three 


spoverties. The data obteined in 
ed in terme of the (hypo- 
thetioally) effective features of the retinal imeges of the objects. It 
wold seem that external, oe border features are effective for beth beri- 
sphere and pyramid cats. This hypothesis is drawn primarily from the ef- 
fectiveness of outline in the fer situstion end in the near situstion. The 


effectiveness of thres-dimensionel shepe in the near situstion, in which 


this property 4s represented in part externally, would tend to support this 
hypothesis, although without very mach certainty, due to the fact that three- 
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i. shape Le flea reprenmenied iy interne] festures in the near 
eltustion. 

& the other band, it “ocld appear thst in 
jesta were affective only for the oyrenid cate. This contention is based 
upon (1) the effectiveness of three~dimencionel shape alone in the far situn- 
tion for the oyrasid, bat not for the henisobere cate, and (2) the effective- 
nees of texture in the user situation for the opranid bak not for the hanie 
ephere cate. én additions] festure of the resulte supporting this contention 
is seen in the ecores cbtained in the brichtness-revarsed cormlition. The 
hesischere cate appeared ta be considerably more affected by this reversal 
than the pyrandd eats. It is not difficult te conceive of overall brichtaess 
&s en sbject-property that “functions predeninantigy et the borer ef the 
ebject, et least in the near siteation, where the brighter (or darker) abject 


aruei. features of the oh 


freseently is seen against a backeroud cumsieting of other ebjects of « dif 
ferent. Grightimess. (i.e., the brightness differences vould tend to “set off” 
were made by the hemisphere cate on those brightnese<noresl test comiitions 
whoss effectiveness proved to be nitigated by brightness reverssl, vere wade 
in the near situation. Thus, it is not unressonsble to conelude that, in the 
brightness-norsal cumlition, the affectivenses of texture and three-cimeasicnal 
shape (in thoes few cases in vhich they were offective) involved these subtie 
brightness differences, which served as border features of the objects. 


ent ones.) “ost of the correct choiecas thet 


Relation of Present Seeults to Results of “ther oxperiments 


Three features of the present results appear to be at ieast partly re- 
| istebie te the results of studies using other animals as subjects. The first 
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concerns the role of outiine, ox shape as defined by border brichiness con- 
Lrastes - aa effective stimulus object property. The secomd feature is the 
| effect of the context im which the test chjeats are presented, and the third 


 « goneerns the differences in effectiveness of certain properties as a function 


of which sbject ae positive. 

ibe role of outline. ‘Considering the resulis of herlsphere and pyre<- 
mid eats together, it wowid appear that artline shape is the only feature of 
"the stimulus objects that was “generally” effective--thet is, that was effec- 
tive for at least one context for most of the cats. If this can be interpreted 


| gs indicating the fonetionsi superiority of information carried by the borders 


of the objects, than the results are similer to those reported by “arren 
(1993¢) and by Riapelle, Yunderlich, and Frencises (1952). ‘These authors, it 
will be recalied, reported that performance on color discrimination taske 
was better if the differentiating color ws located at the border of the object 
or card then if it was located in the center. 

Lashley (1996) hes reported that, in the case of the rat, external 
& function of the relsetive conspicucus 


a tem to dowinste, although the effect is also 
sos of the internal figure. “je also 


infers fran his deta thet rats rarely react tc the totel fisure, terding 
instesd to form pert-figures. In this regard he indiestes that “Ibe sost 
tepertant fsctor in defining the part~figure is the relation of the stimulus 


eard to the surrmmrding frame.” ip. 152) It would appear that, if one con- 


siders the stiwalue patiern, the card, and the frase as a “stimulus-unit,* 


relatively external features of the “stimluec-mit” sre doninent in the rat 


Zhe rele of the context in which tests are run. it will be recalled 


| that in Sxperisent IT the pyranid cats exhibited an apparent lack of effee- 
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86 
tiveness of all properties tested singly when the tests «sere run in a situa- 
oi positive training object served as the odd and cor~ 
ect @aject, aud “as prese 


tion in which the unchene 


mied along with four identical negative objects hav- 


ing seme positive end some negetive properties. These sane properties, hove 
ever, when tested in ¢ context in which the fom identical negative training 


by iseen ard Jenkins (1943). These investicators used chimponzess as sub- 
Jecte in an experiment, the design of which was essentially the same as that 


ef Sxperive pimeis were trained in o twoecholoe situation to 


ate objects differing in "color" (biegk vee white) ami sice. They 


next ran tests for the relative effectiveness of each property under both 


positiveeunchanged and negativeeunchanged comlitions. They found that trans- 


“Bess of the property tested, was better urder the negeative-unchanged 


eomdition. Their explanation for this finding was similar to that offered 
above for the findings of the present. experiment-~i.e., that the anieals vere 


weacting priveriiy to oraperties of the positive object. 


the effect of the positive trsining object. The present axperixent 
alse demonstrated that the effectiveness of features of the cbject represented 


in thea retinal imeze as “internal” festures were differentisiiy effective for 


sepositive ami pyrarid@positive eats. If thess resulte are ate 


tributable te the fact thet the positive and/or negative chject was different 
net similar to the results of two 


for the two groups, then they are somer 
earlier experiments, both of which used rats as subjects. Chang (1936; cited 
by Nissen and Jenkins, 1943) trained rats to discriminate two-dimensional 
stimulus patterns differing in form and size. He found thet rats trained to 
chooses the larger of the two petterms tended te respond on the basis of size, 


=> 


7 7 
aselin © a2 see oe cited oe wae! oo 
ont ie ql? we Sages aie i esd ai, ‘ 
=A waewi dee Cees eg hirer ei ‘sha sei ‘seme 


Sy ae Llpry de aondinet a soe cans Biri + tie Ae. 
Anis. d feed eyo ea ee ee Eile aici Se 4 


én ise ne ue Si ga Ss webb at A 
<) dees a ne trey Baggs 


ae; nae ancaaie oh eles, waded ante oesco cane wid pe 
btiiti, dod? ed seb debe ow geciiheniht aaa “ol imp iaiaps 


ricer aan ai Swe atm iil taal Fhe Ha wid Me spi 
. Seay we being, aes a oo Seeger oF BU 

__ Dress severe we dnghaty, aeitaaans ae ait fe: 
Seaohiger, Thetde ed? Lo count’ Ye “ere ai tt at 


“29 th G theomve ends i 
avreeet® wee drekan co Baines cere ay tdieieg ald ‘eat 3 

Gay te dldees teh Sage seapeen7: 
site setef! | writ ies me. wee aap daa: bal 


tq@Weeh Ws Sikes oS9 an leer ae PAS pare me 


87 
vherees rats trained to cheese the esmiler pattern tended to respond on the 
basis of form. later “aler (1939) slso reported thet rate made different 
squivaience reactions in a twoechoice situation, depending 
two stimulus cards was made positive. “hen rate vere trained to discriminate 
a black circle on a whi: mind from a “hite cirele of the same size on 
® black background the rats fer whom the black cirole wes positive (this card 
was alse the brighter, due to the greater totel amount of shite on the card) 
temied to react on the basis of the “absolute properties” of the positive 
osra. A seeond group of rats was trained to discriminate a large biack circle 
from @ smell black cirgie, each presented on a sray backerounl. Those rats 
trained to choose the lerger circle tended to respowi on the basis of size, 
whereas those trained to cheose the emaller circle chose 5 
basis of beieb 


upon vhich of the 


+2 dow’ asntiy 8 | the 


ehiness. He concludes thet the “ebsolute properties of the 
positive stimlus card are important detersiners of what is learned, whereas 
the absolute preperties off the magative efisuius are relatively unimportant.” 
(1959, p. 328) 

However, for the cats in the present study, there was no indication that the 
situation was the “either... or... type. iTse.s it did not appear to be 
the case that either external features or internal features, but not both, were 
effective.) Sxternal features were generally effective for both groups. 

On the other hand, the differentiai effect of the brightness-reversed condi- 
tious may be gore nearly consonent with Maler*s findings. Thus, in individusi 
eases where texture and/or three-dinens shape were effective, the heni~ 
sphere cate showed core “failures” under the brightness-reversed condition 

(of the two sbjects, it may be the cass thet, where the brighter object vas 


nes are in certial accord with “sier's findings. 
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ended to be made “ore on the basis of brightness than 
when the darker opject was positive. As will be implied in the discussion te 
follow, this explenat 
present context thet hoth Chang's ami Maier*s studies, as well as the present 
OG, point to differences in what is learmed as « function of the ebject that 
ig positive. The qualitative nature of the differences discovered do not ap- 


ion ie not favored. It is sufficient to indicate in the 


paar to be comparable on the basis af the data reported here. 


& Tentative Explanation of the Findings 


The two major aepecte of the resulte thus far presented are (1) the 
genere] effectiveness of outline shape, or, of object properties represented 
rutinaliy as border features of the imare of the object, ami (2) the limited 
effectiveness of three-iimensional shape (ae tested here) and texture, or, of 
ebject. properties represented retinally as internal features of the image of 
the object. The first finding is not very surprising, simoe it bas been 

ted by a musber of other investigatora. The second finding, how- 
ever, that the properties that are effective are a function of which object 
is positive, is somewhat surprising, although, as indicated above, it has been 
nerai finding by other investigators. “het is most unexpected 
ig the relative strength of effectiveness of internal features, in that they 


appeared to interfere considerably with the demonstration of effectiveness of 
external festures under certain conditions. Om the basis of the literature 
reported here, one would have expected the external features to daxinate, 
which vas apparently not the cage for the pyrarid~trained cats. 
Surprising or not, both findings would appear te require explanation. 
morphically, it would be instructive to ds- 
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sereoase,” “roughness,” and “projecting sarulerity” (for lack 

aenmienclogiass deseription of the three-dimensional shape of the 
pyrasid) were all isportant features of the pyramid for the pyremid~trained 
reas only “clroularity,” bat not “suoothmess* or “uniform raunded- 

portant features of the bemiepheres for the hemisphere cats. 
As @ mens to a possible explanation of the differential effectiveness 
of the interns] festures, it may be fruitful te consider turse additions] ase 


pects of the slimins situation. One aspect is relate? to the fact that both 
shject. and cet are moving. The second is related to the fact that a consider~ 


wont of tectusi informetion about the chjtects sue evelleble at eli 


stegeos of training. The third involves differences in sticulation for changes 
: The mation of cat and object has a definite effect on the retinal 
inege of the objects. Complex, but regular, traneformtions of the retinal 
has been discussed in detail by Gibson (1991, 1958), who considers then te 
be the “adecuate stimuli” for a nusber of visusliy ceided resctions of anizmais 
(1958). It is of perticular interest here to out thet sovexent~praduced 
ges of the image of the pyramid ara somewhat greater than changes in the 
image of the hemlephe For the pyrenid, *$rcternsl” festures say be transe 
formed inte “border” feetures; the musber of cides of the border changes from 
| @ Sinisa: of Pour to « wexieaum of sixy the cutline shane of the lage changes 
| along with the change in “elements” constituting the berders, and the shape of 
the internal brightness somes changes. Furthermore, the angular size of tha 
texture unite increases, and, at some point between the detention box and the 


mut occurs. The nature of these transformutions 


ismiey, teaches “threshold” sige for effectiveness, judging froa the 


| effectivenses of texture oaly in the near situation. Of these chonges, the 
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only one that would appear to take place in the case of the hemisrhere is the 
ghange in outline shepe. ‘This change, however, is only from circular to 
ellipsoidsl. If amount of change be regarded as an index of the amount of 


Considering the two kinds of movement (i.e.,. of the cat and of the 
object), it would appear thet movement of the objects enn be ruled out as an 
exsertial factor on the basis of some edditionsl findings. The pyramid cats 
of Experiment I were given addition! tests (not reported previously) in 
which none of the objects were moving. Although these tests sere aduinisterad 

msystematicaily, the reeuite sagzested thet absence of object move- 
ment did not disrupt the animals’ performance at all on any of the tests in 


The tactual features of the objects are, of course, also different. 
the consequences of contact with a reugh pyramid are presumably more “differ~ 
anutisted, * nore *salient,” or, in general, more “stimaleting* than the conse- 
eupared to the pyrasid, the 
ere may be classed as sonpwhat off a tactual Gengfeld, in that no core 


quences of contact «ith a stieth hemisphere 


ners, edges, or reagh epots are present to differentiate any part of it fron 

As an additional feature of the situation, interaction with the pyramid, 
 vartioulariy in the near situation, would appesr to provide the bssis for 
ehenges in accomodation of the lens, both because of the texture of the sur- 
_ fase, “hich varies in depth, end the existence 
fyon the eye. n the other hand, these same changes would be sinimal in the 


2 of edges at different distances 
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it ie teapting to spemualate thet scam one, tec, or three of the above 
features of the stimuine situation are responsible far the effectiveness of 
intermai features of the vojects for the prresid cats ead their ineffectiv- 
“projecting anguisrity,” wae important for the pyramid cats end *scostimess,“ 
or “uniforsa rowsxiedness,”™ net iamortent for the henischere cats because inter= 
ection with « rough, angulas cbjeet (lective soverent towards it, contact with 
at. or inspecting different “Leveis™ of it) which, for the prranid eats, 
yveoulted in reward, also resulted in a reletively differentiated sensory con- 
wende. Un the other harel, interaction with « smooth or rounded object 
(which led equally to reward for the hewiaphere cats) resulted in a rela- 
To gut the matter somevhet differently, it is proposed that the visual 


effectiveness of properties ether than simple border characteristics requires 


gale. Tt is suggested that visusl “roughnecs,” or 


OF, at least, tends te revuire, in @ situation im which both border aad in- 
oursee with the object, rhich may be 


Eee. at. Furthermore, it io proposed that this perceptusl 
behsvior muct result in a “enfficientiy large” chenge in stimmiation. 
Tt in difficult to cay et oresent whether all of the types of change 
meted above are required, aithouga it wauid be sessible to clarify the 
Nevertheless, there is some evidence that the 


noes of contact with the object are quite important. 
Daring the eerily stages of training, contact with the objects was 3 
ant. feature of the behevier of all cats. This contact appeared to be 
"“explopatary” in nature--i.e., characterized by active rubbing of the objects 
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q with @ pew and/or with the nose or vibrissse.* The sctive, exploratory as= 

| peetes of the contact sppearsd to drop out sore for certain of the enimels and 
2ess for others. Indeed, for certain of the animals, the contact response 
even inte merely etanding in front of the sbject chosen. Among those animals 
whose contact response degenerated, the decree of degeneration appeared to be 
somewhat iese for the pyramid then for the heulsrhere cata. The most 
animals G14 and 232 of Experisent Il, all of whom were trained to cheose the 
O31 and 836 shewed less dezenerstion, and did not appear to be 
very different in this respect fron M (2xperiment I}, F356, and perhaps P37. 
Of the hexiophere cats, 34 showed the least degeneration. The reminder of 


Ll into = mere gesture in the direction of the object, ao 


the pyramid cats-<f6 and Pig Gxperiment I), and P19, P33, and P35 showed 
varying degrees of rubbing, bet, in general, more than the rest of the cats. 
The pyranid esta thus tended to behave sore vigorously in relation to the 
objects than the hemisphere cats, and, the inference from this is that contact 
nisyed @ more isportant role in tha situstion for these asts then for the 
hemisphere cats. It is suggested that the rele of contact may be related ts 

- Chone porepertios of the object vbich were effective for the various cats. 


“The above statexents are subject to a nucber of criticisms, not the 
igest of which is that they reflect the “general impression" of the experi-~- 
menter, rather than © careful analysic of notes made at the tine the be~ 
| havior wee observed. The reason for this was thet © found himself quite 

prone to forget certain details of the eats' behavior on a given trial 
| while be was recerdine other details. In order that he not forget the os- 
sential features of the catst approach behavior, he found it necessary to 
record this aspect first, at the expense of certainty of accurecy in descrip- 
tion of the mode of contact with the objects. The impression thet the 
Statements refiect, however, is quite strong, and probably not too far re- 
ally hepoened. 
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There ie additional evidence from en experiment by the uriter* that 
Two female cats, Jos. 77 and 156, were trained in « two-cheice discrimination 
box to dise: 4einate e wedge (base = 2 inches squares height « 1-1/2 inches) 
from 6 rectangular solid (hase = 2 inches square; height = 3/4 inch square). 
The objects were painted « medium grey and their bases clued te black cards, 
which were, in turn, fastened to the doors of the diseriminetion epparatua. 
The eats’ task wes to push the door containing the correct object, thus 
gaining aceess to = sorsei of horse 
the cholea point. The front edge of the sedge was presented vertically. 
Thus, the outline shapes of the objects were identical, the oniy difference 
being in “three~-divensional shape." The wedge «as positive for So. 97, amd 
the rectangulsr solid for Ho. 156. 

The resulte of the training shich bear upon the oresent discucsion 

sented in Table 1}. to. 196, trained in “stages” (i.e., proceeding 
frou easy to mere diffieult tasks), end for whos the cbjecte were avalisble 


feature in visual object-disecrisinetion in the ent. 


meat. The incorrect door was lecked. 
i the doare were approximately ten inches from 


for contact after the first four days, learned the discrimination readily. 

So. 97, who, at first, was not trained in stages, and for whon the objects 
were presented behind plexiclass, filed to shoy improvement after 15 days 
and 504 trials ef training. “hen the negative object was then replaced by a 
Blank eard, she learned readily to go to the positive object. “hen, however, 
the negative blenk card was recisced by a twoeinch square plece of gray paper, 
she showed improvement, but sever rerched a high, stable level of performance. 


Gedted to Dr. irving T. Clamond for support in the execution of 
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Tebie 13 


rformance in “bject-diserimination of Two Sets under Several Lifferent 
OH ditions of Object. Presentetion (Caslitions iisted in Order Tested) 


Gat Ho. 97 (edge” ve. Rectenguler Solid™) 
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Teble 13 (continued) 
_ Gat Bo. 156 (Rectangular Solid* vs. sedge) 


Ubjecis Heetangular & 68 after day 1, mean performance 
behing solid vs. was 502 carrect 


Objects Rectangelar é £1 «1602 on each of days 5-6 


Gbjects Rectangular 2 20 1605 correct on both days 


Sajects Sectencular % #5 93%, SOE, 1002, 1002 correct 


aD ee eS 


oe 


(aed wae Lobe 


- 
“8 4 PA tie =. 
~ptgec eee fet ie nate ponte ryrteaeel eres 
Sav) Wee «2 UHR? “ARS 
eka ee 2 
pent OEE es cee eae ae tlitneel ag dhadlenraticbs 
al) pie ts dhag ge “Git ~ ae 


96 
ehen the doors were modified so that the disa famda were svailable for 
contact, she achieved criterion (90 percent correct on two successive days) 
an i] additional deys and 103 trials. “he then achieved eriterion om the 
original twowobject discrimination, which she had been enable to learn previ- 


owily, in less than 6 days and 69 trials. 


ehlie these resulis are by mo means conclusive, especially in view of 
the small muxber of cats studied, and the fact thet other varisiions than 
availability of the objects for contact were pra 
gestive of the role played by contact in visually cuided behavior, at lesst 

iain object properties have to be reacted to in order to performs suc< 


sont, they are at least suge 


ora, the neerly perfect trensfer sham by Jo. 156 from the 
first to the second end third stages of training suggesta that the “absolutes,” 
mensional” features of the positive object were iesrned from the be- 
ginning. ‘The fellere of Jo. 97 to obtain perfect transfer mey have in some 
mg previous training procedure in which she vas, 
for the sost part, unsucoessful. Such a preeedure would appear to be capable 
of providing the besis for the formation of a number of umecessary, and 
Spe maladaptive, hapits.* 
These results ales suggest that sovement-preduced changes in stimuia- 
wes alons de not provide a sufficient basis for 


ne tireg-dimensicnal shape effective. This statement is made quite 
tentatively, however, since the oversi2 situation, including the characteristics 


| of the objects, wes not such that very greet changes in retinal stimlation 


Peiegeeg oa equivalence tests indicated that Ho. 97 had actualiy learned 
signe if ferentisted position habit,” im thet she always chose the left- 
hand alley vhen the positive object was on the left, and the right-band aoe? 

—. tes on the left. Her choices were unaffected by the 
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could occur as a regult of movement. I. sey, however, be important to point 
out that beth cats responied appropriately to photographs of the objects, as 
Long as the photographs wre taken from an angle of appraximately 30 degrees 
sbove = line normal te the frontal parallel position. (Such photographs evoke 


4n the howen observer a very compelling isoression of thres<dimensionality. ) 


vement=produced changes in visusl stimlation, 


sy cormiitions for 


tiveness of the external, or border features of the objects, emphasis is 
placed upon the fact thet, at Jeast for the hemisphere eats, a majority of the 
correct cholees in the outline teste were wade in the fer situation (29 far 
to 19 near in the positive-unchenge 
neagative<unchenged oomtext. The pyramid cats made an appraximately equal num- 
ber of far and near cholces-~16 and 17, respectively--in the negative<unchanced 
eontext.} The behavior of the cate {all cats except Fi~-Uxperiment I) during 
the time thet they were heid in the detention Dex before being released 

inte the choice box was not at all inmiliestive of “visual search.” ‘ery littie 
seaming of the objects was seen, slthough there uss sufficient time for 


context, and 19 fea to 10 near in the 


it te cecur before release. Furthermore, vary little scanning could have 

been accomplished betseen the time that the opaque door to the detention box 

4 ami the anivals entered, since entry into the detention box was 

customarily quite rapid. Once in the detention box the cats’ behavior usually 

ad of pawing or masing ct the plexiglass door, with little, if any, 

cbvicus attention being paid ta the objects. Sone the less, when released fron 
mtion chather, they would ¢o directly te the object chosen {on those 

trials seored f). 7 does not seem reasonable, in view of the cats’ post- 
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release behavies, thet they were not umumliy cognigant of the location of the 
eormect object while in the detention bor. In other werle, the correct 
cholce, when sade in the detention ber, apperentiy did not require any pro- 
longed visual searchine. It is sugrestad hare that certein classes of in- 
formation eharacteriatic of the borders of cbdects sey readily come to serve 
ae an effective basis for orientation, without requiring active searching on 
the part. of the enimal. Since ° 

anid cate in the fer situntion, internal festures of the objects must 
pie of elieiting orientation, bat only after tectual exploration 
of the sbjects in previous triais.* 
in reference to these suggestions, it will be recalled that Siesen 
for a brief peried of unencusber 
other hand, kittens subjected to the same treatwent, but without being al- 


fimensional shape” was effective for 


a thet kittens reared jn vieuwsi isolation, except 
mee in patterned light per cay, 
eapeble of learning 2 vieusl moverent diseriminetion. i the 


lowed to move around in the environment, were deficient visually. The encus 


Ly move their eyes and bead, but not their bodies. 
(This ie ascumed, ginoe the halder in which the kittens were kept was not 
deseribed.) Thie detue suggests that vieus] search mechanieis ty not be very 
iepertent in the cat, eat least in the absence 
behavior. 

Th awemary, considering both border characteristics and internal fea- 


ef other kinds of perceptual 


*is indiested above, there was one exception te the general statement 
that the ents did not aopear to engage in search behavior in the detention 
box. Cet Bi, of Experiment I, sas studied further by Dre. %. &. Sener, 

Be CREE Chis and vy. Hs. Fille. It was found that this anienl's search be- 
havior imeediately prior to release was related to the direction in which 
4% went after release. 
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9 
tures of objects, it is suggested that uder certain conditions the former 
become effective without the necessity for prolonged active search. They 
are ¢onsidered te provide the basis for an orienting reaction, which, if 
acted upon, would lead the animal inte 4 situation where more detailed in- 
formation is availebie, either in the form of visual changes produced by 


t toward the object, or tactual information resulting from contact 
with it. For several reasons, airemiy mentioned, the tactual hyoothesis is 
preferred at the present, for the findings in this situstion. The “addi- 
tional information” can, however, presumably come to serve as an additional 
basis for orientation. 


femme Comperetive Peycholocical and 
Heurelegical Considerations 
The coments made in the previous section sre obviously highiy con- 
jectural. “hile the data to which they relate would appear to require some 
pamation, a considerable amout. of further experimentation would be 


y in order to meke the above statements in an unqualified samer. 
if, however, subsequent experiments should support these suggestions, par- 
| tdeularly those concerning the relationship between effective visual proper- 


| ties and tactual perceptual behavior, then certain intriguing possibilities 

| for the comparative study of factors influencing visual organization would 

| emerge. Of particuler interest is the possibility that what an animal learns 
@bout an object, and is able to demonstrate with visually guided behavior, may 


ent upon the information it obtains at the sane time 


. UuSing other eansory systems. It would be interesting to study, for example, 


more “optoid* animals, such as primates, in equivalent situations. It is con- 
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geiveble that om meaningful distinction between more amd less optoid animals 


is related to the misative 
tentieily effective view] oreperties of objects frou tha neosssity for con- 


amMepenience of the effectiveness of certain po- 


Ys GY percoptual behavior. Associated with this 

developing independence, one might expect to find en increased srominence of 
covements gus exploratory behavior (as distinguished fron aye movesents 

whose function ds related primarily to orientation im space, detection of 


isin classes of stimuli to be approached and explored further, ete.)}. 
ae indicated previously, the study of effective object properties may 


siso heve a bearing usu the study of neurel eechanises operating in vision, 


pertiorlarly “selective” mechaniems. Of interest 
diseuesion of reletiveliy modern developrents in the study of the evolution of 
thalamocertical relationghins. (ciamond and Show, 1962) In this review, the 


in this regard is a recent 


_ @athors are tempted ¢ 


wecine that the camson ancestor of reptiles and mammals possessed a 
thalaate region which wos exclusively sensory, and the prejection area 
of this sensory thalame eas restricted to ome portion of the paliiuan. 
ia reptiles this area becate the generni cortex. im waarals a further 
subdivision took place and modailty-specifie systems emerged within 
the generei sensory field. These modeiity-specifie systems may be 
the basis for the most refined or epleritic eegnitive functions. “hate 
ever functions are eade possible by the differentiation of modality 
epecific thalamic nuclei, it would appear from anatomy that the separa- 
tion between these muciel ami the intrinsic auclei, Lr, Pui, and ro 
Llateralis posterior, the pulvinar, and the posterior aucleus) becomes 
more ond more sharply drawn in an ascending series of menmmais--opossum, 
wabbit, cat. . « . An additions! development in thelerocorticsi pro- 
ater systems is intreduced by primates. The intrinsic nuciel, 
tlaliy the pulvinar, develop ereatiy in elze end achieve the 

peck. icity af — projections foul chiefly in the extrinsic 
af subprime (25962, pe. 195) 


¥rom the point of view of the present analysis, om of the most inter- 
esting facets of the discussion summarized above io the idea of 2 gradually 
eherging indeserience of Inout for vieusl, suditory, snd somatic sensory 


| modalities. while Damond ani Chow's primary eaphasis is upon increased 
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inuira-mcdality specificity, possibly manifest at the sercholocicsl level in 
the distinction betemen protopathic ani epicritic sensibility, it Le sue- 
gested here that « peychelecical implication of the structural differentiation 
between modalities say be Grawn in terme of the relative independance 


to one modality from the influence of the results of, @ the necessity for, 
simaltanecus exploratory or percestus] behavior involving ancther modality. 
it would appear that research into the role of multi-modal afferent systems 
in the views] perceptual orecess would be quite valuable. Tt is proposed that 
amebie “ay to becin euch work would be in setudyins animals before and 
after sblation of whatever perts of these syztems are accessible, in situations 
such ao the one reported here. The emphasis would not be priserily upm dif- 
ferences in especity before and after 2 legion, bot upon possible changes in 
mahips between the effective properties of objects (i.e., the results 
ef the operation of selective sechenias:) and ibe availebliity of correlative 
% from other modality systexs, as affected by changes in observable 
perceptual behavior. The kind of experimental situation utiliced in these ex- 


| perinente would be suitsble for such an analysis. 


Some Methodologies! Comments 


Tm addition to the possibly isportant theoretical implications of the 
present findings, discussed above, further omsideration of the two experisents 
leeds te certain other implications with regard te methodological issues of 

portance for the desien and execution of perceptual discrimination experi- 
mente. Piret of all, had Uxperivent I act been conducted with the ain of ob- 
, ecemling ag cerefally as possible the discriainatory behavior of 

the oats, the possible fruitfulness of making s distinction between far and 
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neor cholees would never have presen 


ei iteelf. As it turned cut, thie dis. 
tinction wes critics! in the analysis of the retins) iwege inte its internal 
and external features. It was o@ly the strong exphacis given to the desir~ 
abliity of a study of perceptual behavior ty Zener snd Saffron (1962) that 
mpted the inclusion of this «ind of behaviors] date. Ueadless to say, had 
‘ental situation not been designed to allow flexibility in the 


wiory behavior, including the specific response used as an 
index of eholce, the informetion crucial to the present anciyeis would 


Mepecrer, there was mo basic in the literature, other then convention 


studies of Maier (1939) and Cheng (cited by Missen end Jenkins, 1943), 
hemlephere sete and the pyranid cats separately. owe 
ever, the resulis of both experiments would have been relatively meaningless 
had not the experiments] situation been designed to permit an analysis along 


| watery experiments wuch as the present ones, as many potentially 

| pellevant varisbles as it is possibile te handle should be included in the 

| imentel design. ‘ore specifically, the question as to whether or not, 

Mle, “threa-dimensional shane,” or “outline” is a relatively more 
effective object property for the cat cannot be answered without taking into 
stcount other faetors, such as the reverd and/or punishsent contingencies 
associated with response on the basis of these qualities, and the total 
sonnory results of behavior of the animal in relation to the object discrin- 

inated. In @ word, it would sppear that a detailed analysis of the per- 
eeptual process at all levels currentiy available for analysis, including, 
specifically, the concomitant perceptual behavior of the animal, ap is em 


idm 


alt cre, ote SGP. Soe : sivas Deeg 


skip ‘eee eau meek, 2: nee’ ie? aR anda — wf fas 
8 2b? & ig alamo ‘senesae aul eee aad es seeriles? 2 
"Giga? “SYS ae poepar ee “ade SN amy 


i oh el dilwtt> welts of &eelea cee Tay neteeie eee 

Sug Htey ans femme alt oe inteee oubtereanit sth intel ' 

_ Qugtes aged -duad ee 

te fei ceine aha emis teats fot as? hoe ne) Gane eh riven cre 
AR) edad Bes ceed “ot Gere) seed lee LARS) whet Ge: a | 3 
wae searoagean Sey very Gli Bee des soutien 7 aN Bee 4 

= 2 ee emake oped sent tos cmmnbrece’ dite Bs op latie. add oa . 


| ——t 


sts sivpisen #e fier OF oaeyleet tend eeigvatic Sateerene 
lie Shi waiag as hae 3 stab | se aie oe os se = 
cat te ade mage cians amined — = 
(fiastmog Gu a6 geare Peng 28 oy ae aAeeuSeiaA OR 

a5) G8 ine! Gt ile oie oe eftdamg 2b Bt oe itild oul ‘malas | 4 

goa oplea oe ae ne bbony “owl hil Raabe write © ay coe Laced 
vam Glaetyader « ef “eu@l fee ee. * eget en sade ‘wile! ‘ 
Glink gebaeh. depahens fencer oe Sceete dom ae ego: Junie enttaetitay | i 
neincriagedt ae 2 spaemlentanensy: e or Gees etd ae deem seeeteet eal feo 
sie? SNe pes paikehioes scold no Sand eo a nama sate doeteaal | } 
movies Site whe eet anbdeton ad Londen. act tee qodeaded We at atic, eel | t 
ee ee ee ee ae 
ete ion lepine wh eidalhes Yaseen alow Lie te aokoeny Luge ; 


2A 
ener Gad ragek m if perceptua 
and feor. + be undertske: 

. (3962) = 

pe ati o be unde 

ein in aniveeis, ere to 


203 


eee 


at 2 SR gRremee of 


uy 


ma Uh seotatae 


ome Ger #2 Senge 


te 


My ¥ vy 
. ’ ae et. id 
y 

¢ ; a 
xf arg 

. ; 
4 
Hye 
‘ 

Fs, 


re 
ae 
e 7" 
re 

+ 


SRGART 


acted with the aim of specifying, for 
erieination sliustion in which diseriminstion could 


aged upon several object properties, the oromerties that were effective 
in sedisting the diseriminatim. The behavior of the aniesle in the diserime 
instion eitustion wes alse sbcerved, with the aim (1) of relating different 


sorininatory behavies to the object properticss detercined 

to be effective, and (2) of ensbling the determination of the sature of the 
retins] teage of the objects when a disoriminstory chsice was made. 
Pive cats were trained te diseriminate a horisontally- 
moving rough gray truncated pyrracid froo a verticallyemoving saocth aray heni- 
sphere. fox two of the cate, the heedsphere was the correct object, and was 

wanted along with four pyramids, the negative objects. for the other three 
Gate the converse ums the case. It was essumed that the discrimination would 
ba baced upon some coxbinstion of the properties in which the objects dif- 

sment direction, surface texture, outline shape, and three- 


Gimensionei shape. To assess the effectiveness of these properties test 


trigis were run in which test objects were substituted for the positive train- 
ing ebject, and were presented alone with the four unchanged negative training 
objects. any test trial the test object was like the positive training ob- 
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geet. in one, two, or three of the above properties, and like the negative 
training objects in the remainder of ite properties. “hen thus tested, none 


of the animals would choose the test object on the basis of sovement direction 
 @lene. The ests for shom the pyramid was positive would cheese on the basis 


of at ieagt two of the other three ; rlies tested separstely. “nm the other 


a3 texture, cutline, and three«dimencionsi shee. The effective 
property wie related te the position of the ost «hen the choles was sande 
footed, in that texture wholces were amnifested predominantly near the che 
jects, while outlines and three<dimencionnl chaps choices were wanifested 


periment, ii. Im the socom major experiment, ten eute (five 
epostiive and five heniephere-positive) vere treined to the sare 
dismrimination ae before, except thet beth positive and negative sbhjects 
were moving horizonteliy. They were tested in the sexe manner 2s before 
(4.@., with test obfects presented in a context of the negative treining 
3 omobenvert coutext}. In addition, they were tested in 
oh the unchanged positive chject ene to be diseriminated 
from four test objects which differad from it in only owe or two of the three 
‘properties: texture, outline, end three-disensional shops (the positives 
nehenged context). “ormcver, « brightuesa-control condition was introduced, 
in which the brightness relationship between positive ami negative training 
The resulie are consonant! 
wid cats, ell three properties were effective singly in the nezgetive- 


with those of oxperimeat I, in that, for 


 *“Snchenged context, while, fer the hemlephere cats, outline was the only ef- 
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erty. Gn the other hand, there uma a marked differential 


effect of the context tn ubich the tests ware run for the nyremid cats, bat 
not for the hemisphere cots. The single properties were generally effective 
for the oyranid cats only in the negative-unchencad context. For the 
| ere wate, cubline was effective in both contexts. These results vere 
interpreted to mean that the ¢sts were reacting orleerily to the properties 
of the positive object, without regard for the properties of the negetive 
the ehoices of the animals were categorized actording to whether they 
were manifested at a distance or near the cbjecits. n the basics of this 
categorization, the characteristics of the retinal images of the sbjects at 
the tise of choice were approximately detervdrned. “hen the results of the 
“oi condition were teken inte account, the analysis suggested 
fiers of the images sere effective for both 


oultive eats, whereas the internal featurws 
of the images were effective only for the pyramid-posiiive cats. 


Sertein ef the findings were discussed in relation to somewhat 


wivdier findings reported for the rat and the monkey by other investigators. 
The results vere interpreted in terme of the possible influence of 

the tectusl festures of the stimmlue objects upon their effective visual prop- 

erties. Tn supoort of the suggestions made, edditionsl dete were nresented-~ 

partiy fron ebservation of qualitative characteristics of the animzis’ dis- 

eriminstory behavior in the present experiments, and partiy from an independent 


The interpretations sere considered from the pofat of view of their 
bearing upon the comperstive study of visusl perceptuei processes, and upon the 
parative study of the fumetion of thalamocortical sensory systems in vision. 
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